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ABSTRACT 

Analysis  of operat ional  data col lected f r o m  seven Hawaiian skipjack tuna 
f ishing v e s s e l s  in the s u m m e r  of 1967 showed that the v e s s e l s  expended 38 p e r -  
cen t  of the i r  day-baiting effor t  a t  Kaneohe Bay,  which yielded 14.7 buckets of 
bait p e r  set .  Keehi Lagoon was,  by f a r ,  the most  product ive night-baiting 
ground;  i t  rece ived  84 percent  of the night effor t  and yielded 10.4 buckets  p e r  
set .  

On fishing t r i p s  which averaged 15.5 hours ,  31 percent  of the t i m e  was 
devoted to t ravel ing to and f r o m  the f ishing grounds,  62 percent  was occupied 
by scouting, and only 7 percent  was actually spent  fishing. The v e s s e l s  chummed 
8 3  percent  of the schools  sighted, successful ly  f ished 57 percent  of the schools  
chummed,  and used an average  of 12.8 buckets of bait p e r  t r ip .  Most often seven 
men f ished p e r  school. F ish ing  durat ion among the v e s s e l s  ranged f r o m  1 to 
155  minutes ,  but m o s t  schools  w e r e  f ished only for  s h o r t  per iods.  

Schools of l a r g e  skipjack tuna (7 kg. o r  m o r e ) ,  which dominate  the s u m m e r  
ca tch ,  w e r e  usually f ished f u r t h e r  offshore. 

About half of the schools  sighted were  in w a t e r s  to the west  of Oahu. 
Sightings increased  f r o m  daybreak to a peak a t  0801-0900, dipped a t  1001-1100, 
then r o s e  to a second peak a t  1301-1400. The v e s s e l s  caught 62  percent  of the i r  
day 's  ca tch  a f te r  1200. Cloud cover  and wave height a t  the t ime of f ishing had 
no effect on the s u c c e s s  o r  fa i lure  in f ishing the school. Although the p redom-  
inant  s p e c i e s  of bird associated with the school was  not a good indicator  of f ish-  
ing s u c c e s s ,  s i z e  of the bird flock differed significantly among those schools  
with and without catches.  Among schools  yielding ca tches ,  the v e s s e l s  found 
m o s t  assoc ia ted  with 50 o r  m o r e  b i rds ;  among those unsuccessful ly  f ished,  the 
v e s s e l s  found m o s t  assoc ia ted  with 11-50 birds .  

Data on support  act ivi t ies  showed that i t  usually took nine men one-half hour 
to unload about 3.4 m e t r i c  tons of skipjack tuna. The r a t e  of unloading depended 
la rge ly  on the s i z e  of the fish. Loading i c e  requi red  6.6 minutes. 

Compar i son  of data f r o m  high- and low-producing v e s s e l s  showed that a 
high-producing v e s s e l  chummed the schools  longer ,  used m o r e  bait in f ishing,  
tended to r e m a i n  with the school longer ,  and was  successfu l  in  f ishing a higher 
percentage  of the schools  i t  sighted. 



INTRODUCTION 

Since  the  e a r l y  1900’s  when the  f i s h e r y  for 
sk ip j ack  tuna ,  Katsuwonus  p e l a m i s ,  o r  aku ,  as  
i t  is loca l ly  c a l l e d ,  began ,  t he  Hawai ian  sk ip-  
j ack  tuna f i s h e r m e n  have  been  modi fy ing  t h e i r  
v e s s e l s  to  i n c r e a s e  t h e i r  f i s h i n s  power .  They  
r e p l a c e d  s c u l l  o r  s a i l  power  with e n g i n e s  to  
i n c r e a s e  the  v e s s e l s ’  o p e r a t i n g  r a n g e ,  added  a 
f ly ing  b r idge  to  ex tend  the  v e s s e l s ’  s cou t ing  
r a n g e ,  r edes igned  t h e  hu l l s  to  i m p r o v e  the  v e s -  
sels’ s p e e d ,  s t ab i l i t y ,  and  maneuverab i l i t y  in  
rough  channel  w a t e r s  a round  t h e  i s l a n d s ,  and  
i n c r e a s e d  the  c a r r y i n g  c a p a c i t i e s  of the  ves -  
sels’ fue l  t a n k s ,  ice ho lds ,  and  ba i twel l s .  

The  NMFS (Nat iona l  M a r i n e  F i s h e r i e s  S e r -  
v i ce )  ( f o r m e r l y  t h e  B u r e a u  of C o m m e r c i a l  
F i s h e r i e s )  i n  Honolulu a l s o  h a s  a t t empted  to 
i m p r o v e  f i sh ing  e f f ic iency  in  the  sk ip jack  tuna 
f i she ry .  Rea l i z ing  tha t  f i sh ing  with pole  and  
l i ne  w a s  often s e r i o u s l y  h a m p e r e d  by a sho r t -  
a g e  of l i ve  ba i t ,  t he  N M F S  t r i e d  p u r s e  s e i n e s  
(Murphy and  N i s k a ,  1953) and g i l l  n e t s  (Matsu-  
m o t o ,  1952;  S h o m u r a ,  1963).  but t h e s e  a t t e m p t s  
w e r e  u n s u c c e s s f u l  i n  ca t ch ing  c o m m e r c i a l  
quan t i t i e s  of sk ip j ack  tuna.  

Until  new m e a n s  of ca t ch ing  sk ip j ack  tuna  
c a n  be  found, t he  Hawai ian  tuna  f i s h e r m e n  m u s t  
r e l y  on pole  and  l i ne  and 1 : ~ e  ba i t ;  t h e r e f o r e ,  
t h e  NMFS dec ided  to  t r y  to  i m p r o v e  the  pole- 
and- l ine  ope ra t ion .  T h i s  s tudy  of t he  o p e r a t i o n s  
of t he  f i s h e r y  p r o v i d e s  s o m e  b a s i c  in fo rma t ion  
which i s  n e c e s s a r y  f o r  sugges t ing  i m p r o v e -  
men t s .  In addi t ion ,  t he  in fo rma t ion  is poten- 
t i a l ly  use fu l  f o r  ob ta in ing  the  b e s t  poss ib l e  
index  of abundance  of t he  f i s h  f o r  b io logica l  
s tud ie s .  

SOURCE OF DATA 

T h e  c a p t a i n s  and c r e w m e m b e r s  of s e v e n  ves -  
s e l s  pa r t i c ipa t ed  in  t h i s  study. NMFS techni -  
c i a n s ,  who w e r e  p e r m i t t e d  to  r e m a i n  aboa rd  
t h e  v e s s e l s  f o r  5-6 d a y s  a week ,  co l l ec t ed  d a t a  
o n  ba i t ing ,  f i sh ing ,  and suppor t ing  ac t iv i t i e s  
f r o m  J u n e  th rough  Augus t  1967. 

When ba i t ing ,  t he  t echn ic i ans  r e p o r t e d  on  the  
s p e c i e s  and quant i ty  caugh t ,  t he  m o r t a l i t y  in- 
c u r r e d  in  t r a n s p o r t i n g  the  ba i t  f r o m  c a t c h  s i t e  
to  the  v e s s e l ,  and  t h e  t i m e  r e q u i r e d  f o r  t he  
e n t i r e  ope ra t ion .  

On fishin,: t r i p s ,  t he  t echn ic i ans  r e c o r d e d  the  
t i m e  of d e p a r t u r e  and  r e t u r n  and the  s t a r t  and 
end  of scouting. F o r  e a c h  schoo l ,  they r e c o r d e d  
t h e  t i m e  of s igh t ing ,  t he  s t a r t  of chumming ,  and 

the  s t a r t  and end of f i sh ing .  T h e y  e s t i m a t e d  
the  amoun t  of ba i t  u sed  p e r  s choo l ,  noted the  
n u m b e r  of m e n  tha t  f i shed ,  counted  the  n u m b e r  
of f i s h  caught ,  and  obta ined  the  a v e r a g e  weight 
of t he  f i s h  in the  schoo l  f r o m  a s a m p l e  con- 
s i s t i n g  of 10  fis’h s e l e c t e d  a t  r andom.  While 
p u r s u i n g  the  schoo l s  they e s t i m a t e d  the  amoun t  
of sky  c o v e r e d  by c louds ,  the  he ight  of t he  
waves ,  t he  n u m b e r  of b i r d s  in  the  f lock ,  and 
ident i f ied  the  p redominan t  b i r d s  a s s o c i a t e d  with 
the  school .  Af t e r  f i sh ing  and a t  2 -hour  i n t e r -  
v a l s  while s cou t ing ,  t he  t echn ic i ans  checked  
s u r f a c e  w a t e r  t e m p e r a t u r e s  and co l l ec t ed  wa te r  
s a m p l e s  f o r  s a l in i ty  de t e rmina t ion .  When pos -  
s i b l e ,  t he  t echn ic i ans  a l s o  approx ima ted  the  
pos i t i ons  of s c h o o l s  s igh ted  and of s choo l s  
f i shed  by tak ing  c o m p a s s  b e a r i n g s  f r o m  the  
v e s s e l  to  r ecogn izab le  l a n d m a r k s .  When land-  
m a r k s  w e r e  not v i s ib l e ,  t he  cap ta in  e s t i m a t e d  
the  pos i t ion  a f t e r  c o n s i d e r i n g  the  sh ip’s  c o u r s e  
and  a p p r o x i m a t e  d i s t a n c e  o r  h o u r s  f r o m  land. 

In p o r t ,  the  t echn ic i ans  r e c o r d e d  t i m e  and 
n u m b e r  of m e n  r e q u i r e d  to  unload t h e  c a t c h  and 
to  load  i ce .  

ANALYTICAL PROCEDURES 

We s u m m a r i z e d  d a t a  on ba i t ing ,  f i sh ing ,  and  
suppor t ing  ac t iv i t i e s  f i r s t  by v e s s e l ,  then  co l -  
l ec t ive ly  f o r  all v e s s e l s  o v e r  t he  3 months .  In  
examin ing  the  r e l a t i o n  be tween any two v a r i -  
a b l e s ,  however ,  we s e p a r a t e d  the  d a t a  in to  
a p p r o p r i a t e  u n i t s ,  within which we s u m m a r i z e d  
a l l  o t h e r  i n fo rma t ion  i m p o r t a n t  t o  o u r  ana lys i s .  
F o r  e x a m p l e ,  i n  examin ing  ca t ch  in r e l a t i o n  to 
t h e  n u m b e r  of m e n  f i sh ing ,  we s e p a r a t e d  the  
s c h o o l s  by n u m b e r  of m e n  f i sh ing ;  then ,  f o r  
e a c h  g roup  (1, 2 ,  3 ,  ... 10 m e n  f i sh ing)  we s u m -  
m a r i z e d  the  c a t c h  p e r  s choo l  and  o t h e r  in for -  
ma t ion  s u c h  a s  the  amoun t  of ba i t  u sed  and  
f i sh ing  dura t ion .  

We used  d a t a  f r o m  incomple t e  logs  in  s o m e  
of o u r  a n a l y s i s ,  but only a f t e r  we e s t ab l i shed  
tha t  the  d a t a  would not b i a s  the  r e s u l t s .  For  
e x a m p l e ,  on one  v e s s e l ,  a newly h i r e d  techni -  
c i a n  fa i led  to  r e c o r d  d a t a  on a l l  s choo l s  s igh ted  
and  c h u m m e d ,  t h e r e f o r e ,  h i s  d a t a  w e r e  used  
only  in s u m m a r i e s  dea l ing  with c a t c h  and  not 
in s u m m a r i e s  of s c h o o l s  s igh ted  and  chummed .  
T h e  r e s u l t  w a s  tha t  although we  could u s e  the  
c a t c h  d a t a  f r o m  244 t r i p s ,  we w e r e  ab le  to  u s e  
the  d a t a  on  s c h o o l s  s igh t ings  f r o m  only 231 
t r i p s .  

C a t c h e s  of s p e c i e s  o t h e r  than  sk ip j ack  tuna 
w e r e  in f r equen t  (only about 0.8 p e r c e n t ,  by 
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weight); therefore ,  they w e r e  tabulated with the 
skipjack tuna catch. We cons idered  that  a l l  
f ishing effor t  was  expended with the p r i m a r y  
purpose  of catching skipjack tuna r e g a r d l e s s  of 
the s p e c i e s  actual ly  caught. 

We a g r e e d  with the  capta ins  that  the da ta  
col lected would not be  t raceable  to individual 
v e s s e l s  so  a s  to p r e s e r v e  anonymity; therefore  
we grouped the  da ta  o r  identified them with 
v e s s e l  code l e t t e r s .  

BAITING 

The genera l ized  block d iagram in f igure  1 
shows the sequence of events  which l e a d s  to a 
ca tch  of skipjack tuna by a vesse l .  Bas ica l ly ,  
i t  .begins with a per iod  of baiting. (“Bai t”  and 
“baiting” are  colloquial t e r m s  which refer to 
the catching of bait.) Day baiting usual ly  s t a r t s  
a t  dawn and ends  when sufficient bai t  h a s  been 
captured.  If l i t t le  o r  no bai t  is caught dur ing  
the day ,  the v e s s e l  may a t tempt  night bait ing; if 
that  p r o v e s  unproductive, day bai t ing i s  resumed.  

Within the Hawaiian I s lands ,  t h e r e  a r e  sev-  
e r a l  bai t ing grounds ,  but two of the m a j o r  o n e s ,  
which provide roughly two-thirds  of the State’s 
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Figure 1.--Block diagram of ba i t ing  and 

f i sh ing  operation. 

bai t  product ion (Yamashi ta ,  1958). are  on Oahu. 
T h e r e  is Kaneohe Bay on the windward s ide  of 
the is land and P e a r l  H a r b o r  on the leeward  
(fig. 2). A t h i rd  s i t e  of s o m e  impor tance ,  par -  
t i cu l a r ly  f o r  night bait ing,  is Keehi Lagoon,  
a l s o  on the leeward  side.  

Having baiting grounds  on windward and lee- 
ward  Oahu h a s  c e r t a i n  advantages. When f ish-  
ing intensif ies  in  windward Oahu w a t e r s ,  t he  
v e s s e l s  bait  a t  Kaneohe Bay and r e t u r n  t h e r e  
a f t e r  f ishing to unload the i r  ca tches ,  which are  
t rucked  to leeward  Oahu where  the m a r k e t s  and 
cannery  a r e  located. When f ishing intensif ies  
in  leeward  w a t e r s ,  t he  v e s s e l s  bai t  a t  Pearl 
H a r b o r  and a t  Keehi  Lagoon and r e t u r n  a f t e r  
f ishing to Kewalo Bas in ,  home p o r t  of Oahu 
v e s s e l s  and the s i t e  of t he  cannery.  

ui!;.P KEEHI 

LAGOON KEWU) 
BASIN 

Figure 2.--Baiting areas  on Oahu. 

In 1948-66, bai t  product ion ranged f r o m  
23,622 to 49,712 buckets  with an  a v e r a g e  of 
3 6 , 4 6 5  buckets  annually. Contr ibut ing 93 p e r -  
cen t  of the bai t  ca tch ,  the s m a l l  (40-60 mm.) ,  
f r ag i l e  Hawaiian anchovy local ly  cal led nehu, 
Stolephorus p u r p u r e u s ,  is captured  day and 
night and is the s p e c i e s  p r e f e r r e d  above a l l  
o t h e r s  by the skipjack tuna f i s h e r m e n  because  
i t  p o s s e s s e s  m o s t  of the qual i t ies  of a good 
baitfish.  Almost  all  the  r e m a i n d e r  of the bai t  
ca tch  is made  up of s i l v e r s i d e  or  iao,  P r a n e s u s  
i n s u l a r u m ;  o ther  s p e c i e s  s o m e t i m e s  used  a s  
bai t  const i tute  l e s s  than 1 p e r c e n t  of the bai t  
catch. 

Day Baiting 
Day bait ing,  which usual ly  begins  at daybreak ,  

f requent ly  lasts f o r  about 3 hours .  The  f i sher -  



men u s e  an outboard skiff loaded with a s u r -  
round net to scout  f o r  baitfish that school  in 
shallow w a t e r s  of bays and h a r b o r s  or  n e a r  
r i v e r  mouths.  Having located a school ,  the 
f i s h e r m e n  sur round it  and then par t ia l ly  “ d r y  
up” the net to f o r m  a bag to hold the school. 
To avoid killing the bai t , the f i s h e r m e n  “swim”  
the net-enclosed bai t f ish back to the v e s s e l  and 
t r a n s f e r  them into baitwells. Several  s e t s  may 
be requi red  to obtain enough bait to justify 
fishing. We cons idered  a s e t  a s  a unit of bait- 
ing effor t  in  th i s  study. F o r  additional infor-  
mat ion on bai t ing in Hawaiian w a t e r s ,  s e e  June 
(1951). 

P r i o r  to 1968, P e a r l  Harbor  was p r i m a r i l y  a 
day-baiting ground f o r  the Hawaiian tuna f leet .  
In June-August 1967, the seven v e s s e l s  baited 
t h e r e  36 t i m e s  and caught 1 ,093 buckets  of bait 
in 108 s e t s  o r  an a v e r a g e  of 10.1 buckets p e r  
s e t  (table 1). Mor ta l i t i es  a t  the t ime of capture  
w e r e  low, averaging 1.3 percent ,  and the amount 
re leased- -e i ther  back into the water  o r  t r a n s -  
f e r r e d  to another  v e s s e l  because of an e x c e s s  
in catch--was 4.1 percent .  Day baiting in P e a r l  
Harbor  usually las ted  a l i t t le  over  3 hours .  
F i g u r e  3 shows that  a r e a  0 8 ,  n e a r  the mouth of 
the Waiawa St ream in  Middle Loch,  was highly 
productive. 

A ground f o r  both a day and a night f i shery  
f o r  bai t ,  Kaneohe Bay is usual ly  the m o s t  pro-  
ductive baiting ground in  the State. Catches  in 
41 days of baiting totaled 2,040 buckets of day 

Catch Catch 
p e r  p e r  bai ted fe r red  died released catch time timeg hour set day 

Total  Mean atch Bai t  
Baiting Days trans- Bait Bait Total Total baitin 

t o  well 

bai t  in 139 s e t s  o r  an average  of 14.7 buckets 
p e r  s e t ,  which i s  roughly 50 percent  l a r g e r  
than the catch p e r  s e t  a t  P e a r l  Harbor  (table 1).  
Morta l i t i es ,  however,  averaged  about t h r e e  
t i m e s  a s  much a t  Kaneohe Bay a s  a t  P e a r l  
Harbor  with roughly 3.8 percent  of the total 
ca tch  dead f r o m  var ious  c a u s e s  on the baiting 
grounds. The data  a l so  show that whereas  bait 
r e l e a s e d  averaged 1.2 buckets  f o r  each  day 
baited a t  P e a r l  Harbor ,  bait r e l e a s e d  a t  Kane- 
ohe Bay averaged 3.9 buckets  p e r  day of baiting 
o r  roughly t h r e e  t i m e s  m o r e  than a t  P e a r l  
Harbor .  In t i m e  spent  baiting, t h e r e  appeared 
to be l i t t le  difference between the two grounds. 
High producing a r e a s  in  Kaneohe Bay can  be 
s e e n  in f igure  3- -a rea  47 off Waiahole and a r e a  
58 off Heeia had ca tches  of 795 and 304 buckets ,  
respect ively.  

R e f e r r e d  to f requent ly  by the f i s h e r m e n  a s  
“Kalihi” and understood to mean  w a t e r s  off the 
d i s t r i c t  of Kalihi in Honolulu, a r e a  64 was  the 
m o s t  product ive in the Keehi Lagoon-Honolulu 
Harbor  baiting grounds (fig. 3). Keehi Lagoon 
day bai t  catches--combined with those f r o m  
Honolulu Harbor-- totaled 506 buckets  o r  about 
half the amount caught a t  P e a r l  Harbor  (table 
1). In 22  days of baiting, 51 s e t s  yielded a.1 
a v e r a g e  of 9.5 buckets  p e r  s e t  o r  roughly the 
s a m e  amount p e r  s e t  a s  a t  P e a r l  Harbor .  Bait- 
ing a t  Keehi Lagoon usually las ted  a l i t t le  longer  
than a t  any of the o ther  baiting grounds f o r  
s o m e  unknown reason .  Of the total  bait caught ,  

Catch 
per 

night 

Total  1 0 8  - 3,943 - - 319 12.4 36.5 - - - - 
Night: 

Kaneohe Bay 1 3  170  0 0 170  7,227 556 1 . 4  1 8  9.4 - 13.1 
Keehi Lagoon 101 1,092 11 15 1,118 47,621 471  1 . 4  108  10 .4  - 11.1 

24 1 ,220  407 1 .2  3 8.0 - 8.0 Other areas 3 24 0 0 
Total 117 - - - 1,312 - - - 129 10.2 - 11.2 
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2.6 percent  died a t  the baiting ground,  whereas  
7 . 1  percent  w e r e  re leased .  A r e a s  64-66 had 
good catches.  

The v e s s e l s  expended very  l i t t le  effor t  bait- 
ing a t  o ther  a r e a s  such a s  Ala Wai and Haleiwa 
on Oahu and a t  grounds on neighboring i s lands .  
Nine days  of baiting yielded 304 buckets  in  2 1  
s e t s  o r  14.5 buckets p e r  set .  

Col lect ively,  the v e s s e l s  had day ca tches  
totaling 3,943 buckets  and averaging 36.5 buck- 
e t s  p e r  day,  enough to fi l l  the bai twel ls  on an 
average-s ized  vesse l .  In 319 s e t s  o r  an aver -  
age of 3.0 s e t s  p e r  day, the v e s s e l s  averaged 
12.4 buckets of bait p e r  set .  

Not a l l  the bait caught reached the f ishing 
grounds.  The skipjack tuna catch r e p o r t s  of 
the Hawaii Division of F i s h  and Game show that 
about 25 percent  of the bait die  before  use. We 
es t imated  that about 3 percent  of the i o s s e s  
o c c u r r e d  on the baiting grounds during t r a n s -  
p o r t  and t r a n s f e r .  The bulk of the l o s s e s ,  
however ,  o c c u r r e d  between the t ime that the 
ba i t  was safely aboard and a r r i v a l  a t  the f ishing 
grounds,  but we a r e  unable to give a re l iab le  

e s t i m a t e  of th i s  l o s s  because  of insufficient 
data. 

Night Baiting 
In night baiting, t h e r e  i s  no act ive scout ing 

for  schools  of baitfish. Rather ,  a submerged  
light a t t r a c t s  the baitfish to the anchored o r  
moored vesse l .  Usually just  before  daybreak,  
the f i s h e r m e n  s e t  the net  around the school  and 
t r a n s f e r  the bait into the baitwells. So that  
they may have enough s leep ,  the f i s h e r m e n  
r a r e l y  s e t  the net  m o r e  than once dur ing  the 
night. Night baiting frequent ly  s t a r t e d  a t  1901- 
0100 and in 90 p e r c e n t  of the opera t ions  ended 
a t  0501-0600; i t  usual ly  las ted  about 8 hours .  

In r e c e n t  y e a r s ,  the f i s h e r m e n  have found the 
baiting grounds a t  Keehi Lagoon (and Honolulu 
Harbor)  very  product ive and at t r ibuted the good 
ca tches  to i n c r e a s e d  nehu product ion in recent-  
ly dredged a r e a s .  Actually, Keehi Lagoon ac- 
counted f o r  only 1 6  p e r c e n t  of a l l  day-baiting 
effor t ,  but had 84 percent  of a l l  night-baiting 
effor t ,  which totaled 129 s e t s .  The reason  is 
that until 1968, the U.S. Navy prohibi ted f ishing 
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Figure 3.--Total catch and ( i n  parentheses) 
catch per set, by s t a t i s t i c a l  areas ,  of day b a i t  
caught i n  Pear l  Harbor, Keehi Lagoon, and 
Kaneohe Bay by seven Hawaiian skipjack tuna 
f ishing vessels ,  June-August 1967. 
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Figure 4.--Total ca tch  and ( i n  parentheses) 
ca tch  p e r  s e t ,  by s t a t i s t i c a l  a r eas ,  of n ight  
b a i t  caught i n  Kaneohe Bay and Keehi Lagoon by 
seven Hawaiian sk ip j ack  tuna f i s h i n g  vesse l s ,  
June-August 1967.  

v e s s e l s  f r o m  ba i t ing  a t  night a t  P e a r l  H a r b o r ,  
t h e  only o t h e r  l e e w a r d  ba i t i ng  g round  with any  
s ign i f i can t  ba i t  p roduct ion .  In 108  sets a t  Keeh i  
Lagoon ,  t he  v e s s e l s  caught  1 ,118  bucke t s  o r  a n  
a v e r a g e  of 10.4 bucke t s  p e r  set ( tab le  1). F ig -  
u r e  4 shows  tha t  a r e a s  64  and  69 w e r e  highly 
p roduc t ive  n ight -ba i t ing  g rounds .  

T h e  only o t h e r  night-bait ing g round  of any 
i m p o r t a n c e  was  Kaneohe  Bay. In 18 s e t s ,  t he  
to t a l  ca t ch  r e a c h e d  70 bucke t s  o r  an  a v e r a g e  of 
9.4 bucke t s  p e r  set ( tab le  1). L i k e  day  ba i t ing ,  
n ight  ba i t ing  w a s  m o s t  p roduc t ive  in  a r e a  47 off 
Waiahole .  T h e  v e s s e l s  spen t  only t h r e e  n ights  
ca t ch ing  ba i t  f r o m  o t h e r  ba i t ing  a r e a s .  

Co l l ec t ive ly ,  i n  117 n ights  of ba i t ing ,  129  
s e t s  p roduced  1 ,312  bucke t s  of bait .  Obvious ly ,  
a few v e s s e l s  m a d e  m o r e  than  one  s e t  p e r  night 
a s  ev idenced  by the  d i f f e rence  in  the  n u m b e r  of 
n ights  ba i ted  and n u m b e r  of s e t s  made .  We 
ca l cu la t ed  c a t c h  p e r  s e t  a t  10.2 bucke t s ,  where -  
a s  c a t c h  p e r  night r e a c h e d  11.2 buckets .  F re -  
quen t ly ,  c a t c h e s  of ba i t  a t  night w e r e  insuffi-  
c i en t  f o r  a d a y ’ s  f i sh ing  and the  v e s s e l  s p e n t  
addi t iona l  t i m e  ba i t ing  du r ing  the  day. 

In night ba i t ing ,  l o s s  of ba i t  t h rough  handl ing  
w a s  m i n i m a l  and  amounted  t o  less than  1 p e r -  
c e n t  f o r  a l l  v e s s e l s  o v e r  t he  3-month  pe r iod .  
E x c e s s  ba i t ,  which was  r e l e a s e d  o r  s h a r e d  with 
o t h e r  v e s s e l s ,  amoun ted  to  ?bout 1 p e r c e n t  of 
t he  to ta l  ca tch .  

THE FISHING TRIP 

T h e  f i sh ing  t r i p  s t a r t s  only a f t e r  suf f ic ien t  
ba i t  i s  a b o a r d  to  jus t i fy  f i sh ing .  T o  b e  on  the  
f i sh ing  g rounds  by s u n r i s e ,  t he  f i s h e r m e n  usu -  
a l ly  r e s t r i c t  t r a v e l i n g  to  d a r k n e s s ,  when they 
ne i the r  s cou t  n o r  f i sh .  F r o m  d a t a  on  t i m e  of 
d e p a r t u r e  and r e t u r n  to  p o r t ,  we found tha t  
m o s t  t r i p s  o r ig ina t ed  be tween 0200 and  0600, 
with 41 p e r c e n t  o r ig ina t ing  a t  0501-0600 ( tab le  
2). T h e  v e s s e l s  usua l ly  r e t u r n e d  to  p o r t  be- 
tween  1800 and  2200,  although t h e r e  w e r e  a few 
t r i p s  tha t  ended  e a r l i e r  o r  much  l a t e r .  T r i p s  
ending  a t  2001-2100 w e r e  m o s t  f r e q u e n t  (17 
p e r c e n t ) ,  but t h e r e  w e r e  a l m o s t  a s  many  t r i p s  
tha t  ended  a t  1901-2000 (16 p e r c e n t ) .  By t ak ing  
t h e  d i f f e rence  in  t i m e  be tween t h e  l eng th  of the  
t r i p  and the  t i m e  expended in scou t ing  and f i sh -  
i ng ,  we ca l cu la t ed  tha t  t r a v e l i n g  t i m e  on  231 
t r i p s  a v e r a g e d  4.8 h o u r s  o r  about 31  p e r c e n t  of 
a n  a v e r a g e  t r i p  of 15.5 hour s .  T h e  a v e r a g e  
t r a v e l i n g  t i m e  of individual v e s s e l s  r anged  
wide ly  f r o m  3.6 to  6.5 h o u r s  p e r  t r i p .  

A f i sh ing  t r i p  of a Hawai ian  sk ip j ack  tuna  
v e s s e l  usua l ly  lasts 1 day ,  and  h a s  been  used  
a s  the  uni t  of e f fo r t  in p a s t  s t u d i e s  on a p p a r e n t  
abundance  (Yamash i t a ,  1958;  Shippen, 1961;  
Uchida ,  1966,  1967).  In the  s e c t i o n  tha t  fo l lows ,  
we  d i s c u s s  scou t ing ,  f i sh ing ,  and c a t c h  p e r  t r i p .  

Scouting 
Scout ing ,  which a v e r a g e d  9.7 h o u r s  o r  62 

p e r c e n t  of t he  t i m e  on  an  a v e r a g e  f i sh ing  t r i p ,  
is an  e s s e n t i a l  p a r t  i n  f i sh ing  s u r f a c e  schoo l s  
of tuna  with e i t h e r  po le  and  l i ne  o r  p u r s e  s e i n e  
and ,  t h e r e f o r e ,  i s  a m a j o r  component  of e f fo r t  
expended  to  c a t c h  f i sh .  Usual ly ,  scout ing  
s t a r t e d  a t  d a y b r e a k ;  in 51 p e r c e n t  of the  t r i p s  
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by 0 6 0 0  and in 8 3  percent  by 0700.  On those 
t r i p s  where scouting s t a r t e d  a f te r  0700, the 
v e s s e l s  usually spent  p a r t  of the morning 
catching bait. Scouting continued until sunse t ,  
but rough weather ,  mechanical  t rouble ,  the need 
to unload the ca tch  before  spoi lage,  o r  the need 
to rep len ish  the bai twel ls  cur ta i led some  t r ips .  
Scouting ended between 1700 and 1 9 0 0  in 6 0  
percent  of the t r i p s ;  m o s t  (36  percent )  ended a t  
1 8 0 1 - 1 9 0 0 .  

F i s h e r m e n  have long been a w a r e  of the a s s o -  
c ia t ion of s e a  b i r d s  with schools  of fish. In 
Hawaii, the f i shermen loca te  f i sh  schools  by 
re ly ing  a lmost  exclusively on b i r d s ,  l a r g e  num- 
b e r s  of which flock and feed on p r e y  dr iven  to 
the s u r f a c e  by the skipjack tuna. Among the 
b i r d s  m o s t  f requent ly  associated with f i sh  
schools  a r e  sooty t e r n ,  Sterna fusca ta ;  noddy 
t e r n ,  Anous s tol idus;  wedge-tailed s h e a r w a t e r ,  
Puffinus pacif icus;  and p e t r e l ,  family P r o c e l -  
l a r i i d a e ,  subfamily Hydrobatinae. In addition, 
o ther  s p e c i e s  which usually do not flock, but 
f requent ly  assoc ia te  with f ish schools  a r e  the 
g r e a t  f r iga te  b i rd ,  F r e g a t a  minor; boobies, 
__ Sula spp.; and bo’sun ( t ropic  b i r d s ) ,  Phaethon 
SPP. 

T i m e  

In this  r e p o r t ,  we make the assumption that a 
f i s h  school was  assoc ia ted  with each b i rd  flock 
sighted. This  assumption appears  justified. 
On two scout ing c r u i s e s  of the r e s e a r c h  v e s s e l ,  
C h a r l e s  H. Gilber t ,  dur ing the s p r i n g  of 1 9 5 3 ,  
Royce and Otsu ( 1 9 5 5 )  found that “ e v e r y  one of 
2 5 3  f i s h  schools  sighted was accompanied by 
b i r d s  and was  found by m e a n s  of birds.” A l -  
though no mention i s  made of the number  of 
f locks not assoc ia ted  with f i sh  schools ,  we be- 
l i eve  that mos t  of the f locks sighted a r e  a s s o -  
c ia ted  with f i s h  schools ,  because  the  f i s h e r m e n  
can  usually dis t inguish by observing the b i rds’  
behavior whether a school i s  nearby.  Numbers  
of b i r d s  flying together  in the s a m e  d i rec t ion  
and not quar te r ing  back and for th  o r  diving a r e  
usually regarded  a s  s c a t t e r e d  birds .  

Bi rd  flock s ight ings on 2 3 1  t r i p s  totaled 1 , 2 4 9  
f locks o r  ar. average  of 5 .4  schools  p e r  t r ip .  
V e s s e l  B, sighting 158 schools  on 3 6  t r i p s ,  
averaged the l ea s t ,  with 4 .4  schools  p e r  t r i p ,  
w h e r e a s  vesse l  E ,  sighting 3 2 0  schools  on 51 
t r i p s ,  averaged  the most ,  with 6 .3  schools  p e r  
t r i p  ( table  3). T r i p s  with no s ight ings reached  
2 percent .  F r o m  the  data  in table  4 and f igure  
5 ,  we found that 5 schools  were  sighted on one 

S c o u t i n g  S c o u t i n g  R e t u r n e d  
s t a r t e d  e n d e d  t o  p o r t  

D e p a r t u r e  

T a b l e  2.--Number and  p e r c e n t a g e  of t r i p s  t a b u l a t e d  by t i m e  t h e  v e s s e l s  d e p a r t e d ,  
s t a r t e d  and  e n d e d  s c o u t i n g ,  and r e t u r n e d  t o  p o r t ,  Hawaii, June-Augus t  1967 

0001-0100 
0101-0200 
0201-0300 
0301-0400 
0401-0500 
0501-0600 
0601-0700 
0701-0800 
0801-0900 
0901-1000 
1001-1100 
1101-1200 
1201-1300 
1301-1400 
1401-1500 
1501-1600 
1601-1700 
1701-1800 
1801-1900 
1901-2000 
2001-2100 
2101-2200 
2201-2 300 

Number P e r c e n t  Number P e r c e n t  Number P e r c e n t  Number P-t 

3.7 
4 . 1  

1 2 . 8  
11.1 
1 5 . 2  
4 0 . 7  

2.9 
3 .7  
2 . 1  
1 . 2  

0 .4  
- 

- 
- 
- 
- 
- 
- 
- 
- 

1 . 2  

0 . 8  
- 

- 
- 
- 
- 
- 
- 
1 
1 
1 
1 
5 
6 
6 
3 

11 
15 
20  
56  
78 
28  
- 
- 
- 

- 
- 
- 
- 
- 
- 

0 . 4  
0 . 4  
0 . 4  
0 . 4  
2 . 1  
2 .5  
2 .5  
1 . 2  
4 . 5  
6 .2  
8 .2  

2 3 . 1  
36 .4  
1 1 . 6  - 

- 
- 

9 
7 
2 
4 
1 
1 - 
- 
1 

1 

2 
4 
7 

10 
1 0  

9 
28  
38 
40 
29 
2 3  

- 
- 

3 .8  
3 . 0  
0 . 8  
1 . 7  
0 . 4  
0 . 4  - 
- 

0 . 4  

0.4 

0.8 
1 . 7  
3 . 0  
4 .2  
4 . 2  
3 .8  

1 1 . 9  
1 6 . 1  
1 7 . 0  
1 2 . 3  

- 
- 

9.8 
- - - - - 2301-2400 - 1 0  4.2 

- - - T o t a l s  243 242 242 - 236 
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Pursu i t  time 

SCHOOLS PER TRIP (NUMBERS) 

Figure 5.--Percentage frequency of t r i p s  tabu- 
l a t e d  by t h e  number of schools s igh ted ,  chummed, 
and successfu l ly  f i shed  per t r i p  by seven Hawai- 
i an  sk ip jack  tuna f i s h i n g  vesse l s ,  June-August 
1967. 

Chumming time 

ou t  of f ive t r i p s ,  t ha t  f r o m  one  to  five s ight ings  
w e r e  r e p o r t e d  on  m o r e  than  half of the  t r i p s  
(57 p e r c e n t ) ,  and  tha t  18 s c h o o l s  w e r e  the  m o s t  
s igh ted  on  one  t r ip .  

When a f lock  i s  s igh ted ,  t h e  v e s s e l  p u r s u e s  
i t  i n  a n  a t t e m p t  to head  off t h e  school  and  begin  
chumming .  The  i n t e r v a l  be tween s ight ing  and  
the  s t a r t  of c h u m m i n g ,  which we  ca l l ed  p u r s u i t  
t i m e ,  v a r i e d  widely a m o n g  the  v e s s e l s .  Con- 
s i d e r e d  a n  i n t e g r a l  p a r t  of s cou t ing  t i m e  be- 
c a u s e  scou t ing  con t inues  even  when the  v e s s e l  
is pursu i r .g  a s choo l ,  p u r s u i t  t i m e  is obvious ly  
inf luenced  by t h e  v e s s e l ’ s  s p e e d  and  i t s  d i s -  
t a n c e  f r o m  the  schoo l  a t  t he  t i m e  of sighting. 
S o m e  e l e m e n t s ,  however ,  p ro long  p u r s u i t  t i m e ;  
f o r  e x a m p l e ,  when schoo l s  are  scarce on the  
f i sh ing  g r o u n d s ,  a cap ta in  m a y  feel compe l l ed  
to  c h a s e  a nonbi t ing  schoo l  l onge r  than  usua l ,  
o r  to  d r i f t  and  wai t  up to  an hour  f o r  s c h o o l s  
t ha t  have  sounded to  r e t u r n  to the  s u r f a c e .  

T h e  f r equency  d i s t r ibu t ion  of p u r s u i t  t i m e ,  
t abu la t ed  by 5-minute  i n t e r v a l s ,  w a s  s t rong ly  
skewed  toward  s h o r t  i n t e r v a l s  ( t ab le  5 and  fig. 
6). P u r s u i t  t i m e  r a n g e d  f r o m  1 to  1 0 5  m i n u t e s ,  
but t he  mode  in  the  d i s t r ibu t ion  o c c u r r e d  a t  6-  
10 minu tes .  T h e  v e s s e l s  p u r s u e d  about 80 p e r -  
c e n t  of t he  schoo l s  f o r  20 m i n u t e s  o r  l e s s ,  1 5  
p e r c e n t  f r o m  21  to  40 m i n u t e s ,  and  5 p e r c e n t  
l o n g e r  than  40 minu tes .  Among the  v e s s e l s ,  
p u r s u i t  t i m e  a v e r a g e d  f r o m  9.4 m i n u t e s  f o r  
vessel G to  31.5  m i n u t e s  f o r  v e s s e l  C with a 
g r a n d  m e a n  of 15.0 m i n u t e s  ( tab le  3) .  

Table 5.--Number, percentage,  and cumulative percentage f requencies  of schools 
pursued and chummed by seven Hawaiian sk ip jack  tuna f i sh ing  vesse l s ,  tabu- 
l a t e d  by pu r su i t  and chumming time i n  5-minute i n t e r v a l s ,  June-August 1967 

Cumulative 
percent Minute Number Percent Number Percent Cumulative 

percent 

(1 
1-5 
6-10 

11-15 
16-20 
21-25 
26-30 
31-35 
36-40 
41-45 
46-50 
51-55 
56-60 

>60 

- 
228 
254 
217 
1 1 7  

64 
56 
25 
10  
1 4  

7 
5 
9 

2 1  

- 
22 .2  
2 4 . 7  
2 1 . 1  
11.4 

6.2 
5.4 
2.4 
1.0 
1 . 4  
0.7 
0.5 
0.9 
2 . 1  

- 
22.2 
46.9 
68.0 
79.4 
85.6 
91.0 
93.4 
94.4 
95.8 
96.5 
97.0 
97.9 
100.0 _________-__ 

25 
357 
81  
47 
22  
22  
19 
9 

1 4  
5 
4 
1 

8 
- 

4 . 1  
58.1 
13.2 

7.6 
3.6 
3.6 
3 .1  
1 .5  
2.3 
0.8 
0.6 
0.2 

1.3 
- 

4 . 1  
62.2 
75.4 
83.0 
86.6 
90.2 
93.3 
94.8 
97.1 
97.9 
98.5 
98.7 

100.0 
- 

Tota l s  1,027 - - 614 - 
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Figure 6.--Frequency of pu r su i t  t i m e  and chum- 
ming time per school f o r  seven Hawaiian sk ip jack  
tuna f i s h i n g  v e s s e l s ,  June-August 1967. 

C h u m m i n g  s t a r t s  a s  soon  a s  the  v e s s e l  
c r o s s e s  the  head  of t he  school  and  i f  t he  f i s h  
s t a r t  to  b i t e ,  t he  c h u m m e r  t h r o w s  m o r e  ba i t  
to  b r i n g  the  schoo l  n e a r  t he  s t e r n  so f i sh ing  
c a n  s t a r t .  If t h e r e  is no r e s p o n s e ,  c h u m m i n g  
s t o p s  t e m p o r a r i l y ,  m a r k i n g  the  comple t ion  of a 
“ p a s s . ”  Usua l ly ,  t hen ,  the  v e s s e l  is swung 
a r o u n d  f o r  ano the r  p a s s .  We def ined  c h u m m i n g  
t i m e  as  the  i n t e r v a l  f r o m  t h e  s t a r t  of chum-  
m i n g  to  the  l and ing  of t h e  f i r s t  f i s h  and ca l cu -  
l a t e d  i t  only f o r  t h o s e  s c h o o l s  with c a t c h e s  
b e c a u s e  w e  d id  not  r e c o r d  the  t i m e  tha t  a non- 
r e s p o n s i v e  schoo l  w a s  abandoned. 

T h e  d i s t r ibu t ion  of c h u m m i n g  t i m e ,  which 
v a r i e d  f r o m  l e s s  than  a minu te  to  141  m i n u t e s ,  
w a s  s t r o n g l y  skewed ;  c h u m m i n g  l a s t e d  less 
than  a minute  in 4 p e r c e n t  of t he  s c h o o l s ,  1-5 
m i n u t e s  in  58 p e r c e n t ,  6-10 m i n u t e s  in  13 p e r -  
c e n t ,  and 11 m i n u t e s  o r  m o r e  in  2 5  p e r c e n t  
( tab le  5 and fig.  6 ) .  C h u m m i n g  t i m e ,  which 
v a r i e d  wide ly ,  r e f l e c t s  t he  b i t ing  behav io r  of 
s c h o o l s ;  s o m e  b i t  r e a d i l y ,  w h e r e a s  o t h e r s  re- 
sponded slowly. V e s s e l  F c h u m m e d  a n  a v e r a g e  
of only 4.6 m i n u t e s  p e r  s choo l ,  t he  l e a s t  a m o n g  
the  v e s s e l s ;  i t  p robab ly  abandoned nonrespon-  
s i v e  schoo l s  e a r l y ( t a b 1 e  3).  V e s s e l  E c h u m m e d  
the  longes t ,  spend ing  a n  a v e r a g e  of 13.2 min-  

u t e s  p e r  school  be fo re  ca t ch ing  any  f i sh .  
C h u m m i n g  t i m e  of a l l  v e s s e l s  a v e r a g e d  9.4 
m i n u t e s  p e r  school.  

We e s t i m a t e d  tha t  co l l ec t ive ly  on  231 t r i p s  
t h e  v e s s e l s  c h u m m e d  1 ,036  schoo l s  ou t  of 1 ,249  
s c h o o l s  s igh ted  or  about  8 3  pe rcen t .  T a b l e  4 
and f i g u r e  5 show tha t  t he  d i s t r ibu t ion  of t r i p s ,  
t abu la t ed  by the  n u m b e r  of s c h o o l s  c h u m m e d ,  
w a s  m o d e r a t e l y  skewed ,  t h a t  t h e  n u m b e r  of 
s c h o o l s  c h u m m e d  p e r  t r i p  r a n g e d  f r o m  1 to  16 ,  
and  tha t  t r i p s  on  which  the  v e s s e l s  c h u m m e d  
t h r e e  or  f o u r  s c h o o l s  w e r e  m o s t  f r equen t .  
R e f e r e n c e  to  ind iv idua l  v e s s e l s  showed t h a t  t he  
p e r c e n t a g e  of s c h o o l s  c h u m m e d  v a r i e d  widely 
f r o m  66 p e r c e n t  f o r  v e s s e l  C to  97 p e r c e n t  f o r  
v e s s e l  G ,  which inc identa l ly  c h u m m e d  5.4 
schoo l s  p e r  t r i p ,  t h e  h ighes t  a v e r a g e  a m o n g  
the  v e s s e l s .  V e s s e l s  B and  C ,  bo th  with the  
l o w e s t  r a t e s ,  a v e r a g e d  3.8 s c h o o l s  p e r  t r i p .  
T h e  g r a n d  m e a n  w a s  4.5 s c h o o l s  p e r  t r i p  
( tab le  3). 

S o m e t i m e s ,  a v e s s e l  wi l l  p a s s  up a schoo l  o r  
abandon one  e v e n  be fo re  ca t ch ing  f i sh .  T h e r e  
w e r e  653  schoo l s  which  w e r e  not  f i shed  f o r  
r e a s o n s  g iven  in  t ab le  6. About half of t he  
s c h o o l s  did not  r e s p o n d  to chum and w e r e  
abandoned,  28 p e r c e n t  sounded  o r  moved too 
f a s t  t o  o v e r t a k e ,  18 p e r c e n t  w e r e  c o m p o s e d  of 
f i s h  too s m a l l  f o r  cann ing  o r  m a r k e t i n g ,  and 
4 p e r c e n t  w e r e  p a s s e d  up  s o  tha t  t h e  v e s s e l s  
could  f i s h  o t h e r  schools .  

Table 6.--Number and percentage of 653 schools 
no t  f i shed  by the  seven Hawaiian sk ip jack  tuna 
f i sh ing  vesse l s ,  t abula ted  by t h e i r  reasons 
f o r  abandoning the schools ,  June-August 1967 

Reasons f o r  no t  f i s h i n g  I Schools 

Number Percent 

Chummed but  no response 322 49.3 
School  sounded o r  moving t o o  f a s t  182 27.9 
F ish  t o o  s m a l l  120 18.4 
Chummed another school c lose  by 29 4.4 

Fishing 
In f i sh ing  sk ip j ack  tuna  schoo l s  with pole  and  

l i ne  and  l i ve  ba i t ,  t h e  v e s s e l s  u sua l ly  f i s h  only  
a few m i n u t e s  and  c a t c h  a v a r i a b l e  f r a c t i o n  of 
t h e  f i s h  f r o m  e a c h  school .  F i s h i n g  t i m e  p e r  
t r i p ,  t h e  sum of the  t i m e  spen t  f i sh ing  e a c h  
schoo l ,  a v e r a g e d  68 m i n u t e s  (1.1 h o u r s ) ,  which  
is only about 7 p e r c e n t  of t he  a v e r a g e  t r i p  
t ime .  T h e r e  w a s ,  however ,  a wide var ia t ion- -  

I O  



f r o m  46  to 9 6  minutes--in the average  f ishing 
t i m e  p e r  t r i p  of the vesse ls .  

The catch f r o m  a skipjack tuna school  i s  the 
outcome of complex and interact ing compo- 
nents. F o r  example,  the f i s h e r m e n  can  control  
the number of men f ishing and to some  d e g r e e  
have control  over  f ishing durat ion,  the amount 
of bai t  used,  and s i z e  of f i sh  they will ca tch ,  
but have no control  over  the school’s biting 
behavior  which adds to the complexity of pro-  
ducing a catch. F u r t h e r m o r e ,  ski l l  and ex- 
per ience  of c r e w m e m b e r s  a r e  p a r t  of this  
complex s y s t e m ,  but these  components a r e  
difficult o r  imposs ib le  to quantify. 

In Hawaiian w a t e r s ,  the probability that a 
v e s s e l  will catch one o r  m o r e  f i sh  f r o m  a 
school is roughly 50  percent .  Royce and Otsu 
( 1 9 5 5 ) ,  who examined scout ing da ta  over  a 
per iod  of 10  months ,  repor ted  43 p e r c e n t  suc-  
c e s s ,  w h e r e a s  Yuen ( 1 9 5 5 ) ,  who had da ta  f o r  
the f ishing season  f r o m  May to September ,  r e -  
por ted  4 8  p e r c e n t  s u c c e s s  among the schools  
chummed.  Collected a t  the peak of the f ishing 
s e a s o n  in June-August,  our  data  showed that 
the v e s s e l s  chummed 1 , 0 3 6  schools  (August 
da ta  f o r  v e s s e l  F not included) and caught one 
or m o r e  f i s h  f r o m  5 8 7  schools  or 5 7  percent .  
Individually, v e s s e l  A was most  successfu l ,  
f ishing 6 8  percent  of the schools  i t  chummed;  

Men 
f i sh ing  

Schools 
Catch per school Bait used 

per school With Without 
catches catches 

v e s s e l  B was l e a s t  successfu l ,  f ishing only 4 8  

percent .  In the sect ion that fol lows,  we d i s c u s s  
var ious  components  a s  they r e l a t e  to fishing. 

Fishing F i s h  
duration s i z e  

Amount of bait used.--The amount of bait 
caught or used in  the f i s h e r y  is m e a s u r e d  i n  
uni ts  of a “bucket ,”  which holds varying 
amounts  of bai t ,  but usually about 3.6 kg. In 
the beginning, we at tempted to keep an accu-  
r a t e ,  daily r e c o r d  of the quantity of bait in each  
baitwell and the subsequent  r a t e  a t  which that 
bai t  was  used or  died a t  s e a ,  but found the pro-  
cedure  imprac t ica l  on c o m m e r c i a l  f ishing ves-  
se l s .  We did, however,  obtain da ta  on amount 
of bait used on each  school ,  s o m e  of which r e -  
qu i red  m o r e  than a bucket, o t h e r s  less. We 
used one bucket a s  a minimum, even though on 
s o m e  schools  only a few handfuls o r  s o m e  
f rac t ion  of a bucket w e r e  used in  chumming. 
The amount of bait used.  therefore ,  may be 
overes t imated ,  but we believe any e r r o r  to be 
reasonably smal l .  

We compared  our  e s t i m a t e  of bait used p e r  
t r i p ,  which averaged 12.8  buckets  ( table  3) ,  and 
an e a r l i e r  e s t i m a t e  made by Uchida ( 1 9 6 7 )  and 
found them s i m i l a r .  Uchida showed that in 
1 9 5 2 - 6 2 ,  s m a l l  v e s s e l s  used 12.3 buckets  and 
l a r g e  v e s s e l s  used 15 .4  buckets  of bait p e r  t r i p ,  
w h e r e a s  our  data  showed that ,  individually, the 

Table 7.--Nmber of schools with and without catches, and averages of catch per 
school, number of men f ishing per school, f i sh ing  duration per school, and 
s i z e  of f i s h  per school, tabulated by the amount of b a i t  used per school by 
seven Hawaiian skipjack tuna vessels ,  June-August 1967 

Number Minute 4. 
1 1 0 8  383 42.0 0 . 1  6 . 1  8.6 3.4 
2 111 1 8  81.6 0.4 6.9 15 .3  5.4 
3 99  8 110.8  0.7 6.8 21.0 6.6 
4 75 1 158.0  1.1 6.7 25.4 6 .7  
5 76 3 164.6  1.2 6 .8  30.3 7.6 
6 43 - 203.6 1 .7  6.8 37.5 8.2 
7 26 - 205.8 1 . 8  7.5 41 .1  8.8 
8 27 - 187.4 2.0 7.3 44.8 10 .9  
9 8 - 259.9 3.0 7.4 53.6 11.4 

10 1 8  - 251.9 2.3 6.9 53.0 9.2 
11 4 - 771.8 1 .8  7.5 93.2 2.3 
1 2  8 - 680.8 3 . 3  8.0 66.6 4.9 
13 6 - 421.2 4.4 7.8 69.7 10 .4  
1 4  2 - 323.0 3.7 8.0 92.5 11 .5  
1 5  4 - 433.8 5.2 8.0 72.0 12.0 
>15 7 - 583.7 5.0 7.8 98.3 8.5 

Bucket Number Numbel‘ Number Metric ton 

1 1  
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amount  of ba i t  used p e r  school,  by v e s s e l ,  
ranged f rom 2.1 to 5.0 buckets  p e r  school. 
Collectively,  the ave rage  was  3.0 buckets  p e r  
school  (table 3) .  

F i g u r e  7 shows the  a v e r a g e s  of the  catch p e r  
school,  number  of men  fishing, f i sh ing  durat ion,  
and f i sh  s i z e ,  plotted by the amount of bait  used 
p e r  school. T o  show the mutual re la t ionship 
between the va r i ab le s  examined,  we calculated 
and tes ted  the co r re l a t ion  coef f ic ien ts ,  using a 
hypothesis  of p = 0. We found a l l  the c o r r e l a -  
tion coefficients differing significantly f rom the 
hypothesis ( table 8). W e  concluded that the 
amount  of bait  u sed ,  t he re fo re ,  contr ibuted 
significantly to the ave rage  number and weight 
of f i sh  caught p e r  school. I t  is a l s o  evident 
that  on schools  requir ing m o r e  bait ,  the ave r -  
age f i sh  s i z e  was  l a r g e r  and f i sh ing  durat ion 
longer.  Usually,  m o r e  men  f ished those schools  
tha t  r equ i r ed  m o r e  bait. 

T o  m e a s u r e  the fleet's efficiency in  the pro-  
duction of skipjack tuna r e l a t ive  to the ba i t  
supply,  two indices  are  occasional ly  used-- 
ca t ch  p e r  bucket of ba i t  caught and ca t ch  p e r  
bucket of bait  u sed  (Yamashi ta ,  1958; Brock  
and Uchida,  1968) .  Because  we did not co l lec t  
data  fo r  a l l  bait ing and f i sh ing  operat ions,  we 
could not calculate  the  catch p e r  bucket of ba i t  
caught;  ins tead ,  we calculated the catch p e r  

Table 8.--The correlat ion coeff ic ients  calcu- 
l a t ed  f o r  the  r e l a t ion  between b a i t  used, men 
f i sh ing ,  f i sh ing  duration, and f i s h  s i z e  and 
the  averages per school. of the  number and 
weight of f i s h  caught, amount of b a i t  used, 
men f i sh ing ,  f i sh ing  duration, and f i s h  s i ze .  
A s ing le  a s t e r i s k  denotes p robab i l i t i e s  be- 
tween 0.05 and 0.01; two a s t e r i sks  denote 

Figure 7.--Relation between amount of b a i t  used 
per school and average values of catch per 
school, number of men f i sh ing  per school, f i sh-  
ing  duration per school,  and s i z e  of f i s h  per 
school, June-August 1967. 

p robab i l i t i e s  equal t o  o r  less than 0.01 

v e s s e l s  used f r o m  9.0 to  22.6 buckets  p e r  t r ip .  
Ful ly  loaded,  m o s t  v e s s e l s  c a r r y  a t  l e a s t  36 
buckets  of ba i t ,  and s o m e t i m e s  much m o r e ,  
p e r  t r ip .  

A v e s s e l  with a full  load of ba i t  can  f i sh  2-3  
days ,  provided the ba i t  does not d ie  or  is not 
used up rapidly because  of good fishing. Tha t  
c h u m m e r s  general ly  used bait  spar ingly is re- 
f lec ted  in  the  data  in  tab le  7,  which shows that 
among nonresponding schools ,  the vessels 
chummed 93 pe rcen t  with only one bucket and 
the  r e m a i n d e r  usually with two to five buckets  
of bait.  Even among responding schoo l s ,  the 
v e s s e l s  f ished 7 5  p e r c e n t  with up to  only f ive  
buckets  of bait  ( table 7 and fig. 7). The  ave rage  

Components 1 Bait used 1 l d ~ ~ ~ ~ ~ ~  1 Fish s i z e  of catch 

Number 

Weight 

Bait 

Men 

Fishing 

Fish 

caught 

caught 

used 

f ishing 

duration 

s i z e  
Degrees of 

freedom 

0.744** 0.956** 

0.939** 0.940** 

- 0.977** 

0.899** - 

0.934** 0.822** 

0.510* 0.705 

13  6 

0.979** 

0.960** 

0.946** 

0.753** 

- 
0.847** ~_ 
10 

-0.456 

0.852** 

0.813** 

0.300 

0.592* 

- 

10 



bucket of bait used ( table  3) .  We found that a 
high-producing v e s s e l  does  not n e c e s s a r i l y  
have the highest catch r a t e  p e r  bucket of bait 
used. V e s s e l  A, which ranked f i r s t  in catch 
p e r  t r i p  with 4 . 1  m e t r i c  tons and th i rd  in catch 
p e r  school with 1 . 3  m e t r i c  tons,  ranked s ixth 
with a catch of 1 7 9 . 3  kg. p e r  bucket of bai t  
used,  whereas  v e s s e l  F ,  which ranked lowest 
in both ca tch  p e r  t r i p  with 2.0 m e t r i c  tons and 
catch p e r  school  with 0.7 m e t r i c  ton, ranked 
fourth or  be t te r  than average  with a ca tch  of 
2 2 5 . 3  kg. p e r  bucket of bait used. The a v e r a g e s  
of the o ther  v e s s e l s  var ied  f r o m  174.6 to 262.0 
kg. 

Number of men fishing.--In pole-and-line 
f ishing,  each  f i sherman u s e s  a s tout  bamboo 
pole with a line and a l u r e  consis t ing of a barb-  
l e s s  hook to which f e a t h e r s  and a sof t ,  p las t ic  
s k i r t  a r e  attached. Simulating a l ive bai t f ish,  
the l u r e  i s  slapped on the water  and moved 
over  the s u r f a c e ,  which i s  r ippled by water  
s p r a y s  f r o m  the v e s s e l  to enhance the feeding 
frenzy.  When a f i sh  s t r i k e s ,  the f i s h e r m a n  
quickly leans  back on the pole ,  taking advantage 
of the f i sh’s  initial t h r u s t  to lift i t  out of the 
water  and “flip” i t  onto the deck in  one con- 
tinuous motion. By re lax ing  the tension on the 
pole ,  the f i sherman allows the f ish to become 
unhooked then r e t u r n s  the f r e e d  hook to the 
water .  

On Hawaiian v e s s e l s ,  the “good hookers”  
f i sh  a t  the s t e r n  where f ishing i s  usually bes t  
while o t h e r s  f i s h  along the gunwales near  the 
s t e r n .  Every  c r e w m e m b e r  f i s h e s  except  the 
chummer .  On s o m e  v e s s e l s ,  however ,  the 

captain,  engineer ,  and p e r h a p s  one f i s h e r m a n  
f i sh  only intermit tent ly  so they w e r e  counted a s  
f ishing only i f  they f ished m o r e  than half of the 
f ishing duration. 

Although the number of men f ishing p e r  
school ranged f r o m  1 to 1 0 ,  i t  was very  unusual 
to have fewer  than 3 men f ishing (table 9) .  All 
the f i s h e r m e n  may not be in the i r  posi t ions a t  
the s t e r n  when the school s t a r t s  biting; those 
who a r e  may catch a few f i sh  before  biting 
s tops.  In counting the number of men f ishing,  
we included only those f i s h e r m e n  in position a t  
the t ime of fishing. Usually, between s i x  and 
eight men f ished;  most  often, t h e r e  w e r e  seven 
men f ishing (fig. 8). 

Catch i n c r e a s e d  a s  the number of menf ish ing  
i n c r e a s e d ,  but not proport ional ly .  Fo r  example ,  
table  9 shows that four  men caught an average  
of 0 . 4  m e t r i c  ton, whereas  eight men averaged  
1 . 3  m e t r i c  tons or  about t h r e e  t i m e s  a s  much. 
P l o t s  of the data  in table  9 showed ppsi t ive up- 
ward t r e n d s  of a l l  the  v a r i a b l e s  a s  the number 
of men hooking increased;  a l l  except  one of the 
cor re la t ion  coeff ic ients  differed significantly 
when tes ted against  the hypothesis p = 0 (table 
8). The exception was  that  for  the cor re la t ion  
between f i sh  s i z e  and number  of men fishing. 
The t e s t  of the coefficient against  the hypothe- 
s i s  showed a probabi l i ty  very  c lose  to 0 . 0 5 ,  the 
level  of re jec t ion ;  however ,  we accepted the 
hypothesis  on the b a s i s  of the s u m m a r y ,  by f i sh  
s i z e ,  to be presented  in a l a t e r  sect ion.  W e  
conclude f r o m  our  t e s t s  that when the v e s s e l s  
made l a r g e  ca tches ,  they usual ly  had m o r e  men 
f ishing,  used m o r e  bai t ,  and f ished the schools  
longer .  

T a b l e  9.--Number of schools and averages of catch p e r  school, amount of b a i t  used 
per school, f i sh ing  duration, and f i s h  s i z e ,  tabulated by the number of men 
f ishing per school on seven Hawaiian skipjack tuna vessels ,  June-August 1967 

Men f ishing Bait used Fishing Fish 
per school duration s i z e  per school I I Schools Catch per school 

Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Number 

4 

7 
1 6  
64 

152 
188 
138 

4 1  
9 

- 

Number 

1.0 

8 .1  
76.3 

109.9 
140.0 
143.2 
180.2 
194.4 
306.7 

- 

Metric ton 

<0.1 

<0.1 
0.4 
1.0 
0.9 
1.1 
1 . 3  
1.6 
2.6 

- 

Bucket 

1.5 

1 .0  
2 . 1  
3.8 
3.8 
4.2 
5.0 
5.9 
7.3 

- 

Minute 

5.0 

3.3 
11.2 
22.3 
27.4 
27.8 
29.1 
32.2 
29.4 

- 

Ka- 
10.0 

3.3 
5.7 
9.0 
6.3 
7.6 
7.0 

8.5 

- 

8.4 
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t h e  cap ta in  d e c i d e s  to  abandon the  school  o r  
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Fishing dura t ion  

51 
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Figure 8.--Relation between number of men f i sh -  
ing per school and average va lues  of catch per 
school,  amount of b a i t  used p e r  school,  f i s h i n g  
dura t ion  p e r  school ,  and s i z e  of f i s h  per  school, 
June-August 1967. 

when the  schoo l  b r e a k s  away f r o m  t h e  v e s s e l .  
We def ined  f i sh ing  d u r a t i o n  a s  t he  e l a p s e d  t i m e  
f r o m  the  landing  of t he  f i r s t  f i s h  t o t h e  end  of 
f i sh ing  and  f o r  617  s c h o o l s  found tha t ,  al though 
r ang ing  widely f r o m  1 to  155 m i n u t e s ,  i t  w a s  
usua l ly  sho r t .  T h e  d i s t r ibu t ion  of f i sh ing  d u r a -  
t ion  ( tab le  1 0  and fig. 9 ) ,  grouped  in to  5-minute  
i n t e r v a l s ,  peaked  at 6-10 m i n u t e s ,  with p r o -  
g r e s s i v e l y  f e w e r  s c h o o l s  f i shed  a t  l onge r  
du ra t ions .  

Bi t ing  behav io r  h a s  a s t r o n g  inf luence  on  
f i sh ing  du ra t ion .  T h e  c a p t a i n s  abandoned 42 
p e r c e n t  of t he  schoo l s  a f t e r  f i sh ing  s t a r t e d ,  
b e c a u s e  b i t ing  s lowed to  a po in t  w h e r e  they 
could no longe r  jus t i fy  f u r t h e r  expend i tu re  of 
t i m e  and  l i ve  ba i t  ( tab le  11). M o r e o v e r ,  they 
abandoned a n  a l m o s t  equal ly  l a r g e  pe rcen tage - -  
40 percent - -of  t he  schoo l s  a f t e r  b i t ing  s topped ,  
w h e r e a s  they  abandoned only 8 p e r c e n t  b e c a u s e  
the  s c h o o l s  sounded and f a i l ed  t o  r e t u r n  to  the  
su r face .  In the  r e m a i n i n g  11 p e r c e n t  of t he  
s c h o o l s ,  t he  c a p t a i n s  qui t  f i sh ing  when they  
l e a r n e d  tha t  t h e  schoo l s  c o n s i s t e d  of s m a l l  f i s h ,  
when p r e d a t o r s - - s h a r k  o r  b i l l f i sh- -a t tacked  
and  d i s p e r s e d  t h e  schoo l ,  o r  when ba i t  w a s  
exhaus ted .  

I t  fo l lows  tha t  b i t ing  behav io r  i n f luences  not 
only f i sh ing  d u r a t i o n ,  but a l s o  t h e  amoun t  of 
ba i t  c h u m m e d  to  hold the  schoo l  n e a r  t he  ves -  
sel and  the  ca tch .  T a b l e  1 0  and f i g u r e  9 show 
t h a t  t he  v e s s e l s  u sua l ly  u s e d  m o r e  ba i t  and 
caught  m o r e  f i s h  f r o m  good-biting s c h o o l s  t h a t  

T a b l e  10.--Number of schools and averages of catch p e r  school,  amount of b a i t  used 
per  school ,  number of men hooking per school,  and f i s h  s i z e ,  t abula ted  by f i s h -  
i ng  du ra t ion  per school f o r  seven Hawaiian sk ip jack  tuna vesse l s ,  June-August 
1967 

1-5 
6-10 
11-15 
16-20 
21-25 
26-30 
31-35 
36-40 
41-45 
46-50 
51-55 
56-60 
>60 

63 
88 
82 
70 
68 
59 
39 
37 
20 
17 
11 
11 
52 

29.3 
62.3 
106.7 
122.0 
140.0 
151.1 
187.8 
220.7 
222.1 
204.9 
257.6 
277.7 
379.8 

0.1 
0.3 
0.5 
0.8 
0.9 
1.3 
1.4 
1.9 
2.3 
1.7 
2.5 
2.2 
2.9 

1.5 
2.1 
2.7 
3.5 
3.8 
4.9 
5.2 
5.7 
6.8 
5.7 
8.3 
6.4 

10.4 

6.2 
6.6 
6.9 
6.9 
6.8 
6.9 
6.7 
6.9 
6.9 
6.8 
7.1 
7.3 
7.3 

3.2 
4.2 
4.7 
6.9 
6.4 
8.5 
7.6 
8.7 

10.5 
8.2 
9.8 
7.9 
7.8 
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stayed with the v e s s e l  longer .  Excluding f ish-  
ing  durat ion of longer  than 60 minutes ,  we ca l -  
culated cor re la t ion  coef f ic ien ts  f o r  the da ta  in  
table  1 0  and found that  they differed signifi-  
cant ly  f r o m  p =  0. F i g u r e  9 shows that  the av- 
e r a g e  number  and weight of f i s h  caught  p e r  
school  w e r e  l a r g e r  with m o r e  t i m e  spent  f ish-  
ing the  schools .  I t  a l s o  turned out that  the ves-  
sels usual ly  had m o r e  m e n  f ishing those  schools  
t ha t  bit  longer ,  possibly because  the capta ins  
and e n g i n e e r s  spent  m o r e  t i m e  f ishing and 
w e r e ,  therefore ,  included in  the effort .  Our  
da ta  showed that  t he  v e s s e l s  usual ly  caught  
l a r g e r  f i sh  f r o m  schools  that  bit longer. 

z 

. .  
Y 

.. 

g 5 0  3 

I 6 II 16 21 26 31 56 41 46 51 5 6 > 6 0  
1 1 1 1 1 1 0 1 1 , I I  

5 IO 15 20 25 30 35 40 45 50 55 60 

Table 11.--Number and percentage of 585 schools 
f ished by seven Hawaiian skipjack tuna f i sh ing  
vessels ,  tabulated by reasons c i t e d  f o r  aban- 
doning successful ly  f ished schools,June-August 
1967 

Reason f o r  abandoning schools I Schools 

Number Percent 

Bi t ing slowed 244 41.7 
Bit ing stopped 232 39.6 
School sounded 46 7.9 
Other reasons (small f i s h ,  63 10.8 

presence of predators, no 
b a i t  l e f t )  

AMOUNT OF BAIT USED PER SCHOOL 

* .  . . . *  

- .  . .  * .  

NUMBER OF MEN FISHING PER SGHOOL 
s z 

u) FISHING DURATION PER SCmxX 

5 2 5 1 .  . e ' . . .  f 

NUMBER OF SCHOOLS 

P "  
2 m 

1,l 2#1 3,1 ? I  5,' 6,l 7,l 8 , '  9,' 191 11,l It1 131 

2 0  30 4 0  5 0  6 0  7 0  B O  90 100 110 120 I30 ' 
FISHING DURATION (MINUTES) SIZE OF FISH (KG.) 

Figure 9.--Relation between f i sh ing  duration and Figure 10.--Relation between s i z e  of f i s h  and 
average values of catch per school, amount of average values of catch per school, amount of 
b a i t  used per school, number of men f ishing per b a i t  used per school, number of men f i sh ing  per 
school, and s i z e  of f i s h  per school, June-August school, and f i sh ing  duration per school, June- 
1967. August 1967. 



T a b l e  12.--Number o f  s c h o o l s  and  a v e r a g e s  o f  c a t c h  p e r  s c h o o l ,  amount o f  b a i t  u s e d  
p e r  s c h o o l ,  number o f  men f i s h i n g  p e r  s c h o o l ,  and  f i s h i n g  d u r a t i o n  p e r  s c h o o l ,  
t a b u l a t e d  by s i z e  of f i s h  c a u g h t  by s e v e n  Hawai ian  s k i p j a c k  t u n a  v e s s e l s ,  J u n e -  
Augus t  1967 

F i s h  s i z e  S c h o o l s  C a t c h  p e r  s c h o o l  B a i t  u s e d  Men f i s h i n g  F i s h i n g  d u r a t i o n  

1 .1-2 .0  
2 .1-3 .0  
3.1-4.0 
4.1-5.0 
5 .1-6 .0  
6.1-7.0 
7.1-8.0 
8.1-9.0 
9.1-10.0 

10.1-11.0 
11 .1-12 .0  
12 .1-13 .0  

>13.0  

9 3  242.4 
49 261 .9  
15 9 1 . 3  
22 122.7 
11 1 6 4 . 3  

9 85.1 
8 1 7 3 . 8  
6 1 9 2 . 3  

19  1 2 0 . 4  
74 1 2 1 . 0  

233  105 .2  
74 1 4 9 . 9  
10 8 1 . 7  

0 .5  
0 .6  
0 . 3  
0 .6  
0 .9  
0 .6  
1 . 4  
1 . 6  
1 . 2  
1 . 3  
1 . 2  
1.8 
1.1 

3 .0  6 . 3  
3 .2  7 .0  
3 .5  6 .9  
3 .5  6 . 1  
4 .4  7 .4  
4 . 0  7 . 1  
5 . 4  6 .8  
4.8 6 .5  
4 .2  7 .3  
4 . 3  6 .9  
4 . 6  6 . 8  
5 .9  7 .0  
4 . 2  5 . 3  

20 .5  
18.5 
1 9 . 8  
2 2 . 1  
20 .0  
1 8 . 0  
1 7 . 5  
47.7 
2 7 . 1  
2 9 . 6  
30 .4  
3 2 . 3  
20 .2  

F i g u r e  11.--Average s i z e  ( k g . )  o f  s k i p j a c k  t u n a  c a u g h t  i n  20-minute  areas of l o n g i t u d e  and  l a t i t u d e  
by s e v e n  Hawai ian  s k i p j a c k  t u n a  f i s h i n g  v e s s e l s ,  June-August 1967 .  Areas i n  which  s k i p j a c k  a v e r a g e d  
7 kg. o r  less are s h a d e d .  
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Size of fish.--The s i z e  of skipjack tuna caught 
in Hawaiian w a t e r s  i s  an  impor tan t  fac tor  in 
the s u c c e s s  of a f ishing season.  The influx of 
l a r g e  n u m b e r s  of “season”  f i sh  in the f i shery  
m a r k s  the height of the f ishing s e a s o n ,  usually 
f r o m  May to September ,  and these  f i s h  consti- 
tute  a major  port ion of the landings annually. 

T h e r e  appear  to be four  s i z e  groups in the 
catch:  < 4 kg. = s m a l l ;  4-7 kg. = medium; 7-10 
kg. = season;  and >10 kg. = e x t r a  la rge .  Be- 
c a u s e  l a r g e  f i sh  br ing be t te r  p r i c e s ,  the Ha- 
waiian tuna f i s h e r m e n  usually p a s s  up schools  
of s m a l l  and s o m e t i m e s  medium f i sh  f o r  l a r g e  
“ s e a s o n ”  fish. In table  1 2  and f igure  10, 
which show the s i z e  of f i sh  caught by the seven 
v e s s e l s  in June-August 1967, we noted that 
“ s e a s o n ”  f i sh  were  r a t h e r  s c a r c e  in the catch,  
const i tut ing only about 5 percent  of the schools  
fished. Much m o r e  frequent  w e r e  schools  of 
ex t ra - la rge  f i s h  (63 percent ) ,  which a r e  usually 

not a s  f requent ly  encountered as schools  of 
“season”  f i sh ,  and schools  of s m a l l  f i sh  (25 
p e r c e n t ) ,  with schools  of medium f i sh  only 
slightly m o r e  frequent  in the ca tch  than schools  
of “season”  fish. We a l s o  plotted the a v e r a g e s  
of ca tch  p e r  school, amount of bai t  used p e r  
school ,  number  of men hooking p e r  school ,  and 
f ishing durat ion,  by f i sh  s i z e ,  and found that 
s o m e  tended to i n c r e a s e  whereas  one d e c r e a s e d  
a s  f ish s i z e  i n c r e a s e d ;  only two of the c o r r e l a -  
t ions ,  those f o r  the number of f i sh  caught p e r  
school and for  the number of men f ishing p e r  
school with s i z e  of f i sh ,  did not differ signifi- 
cant ly  (table 8). The fact  that the cor re la t ion  
coeff ic ient  of the average  number of men f ish-  
ing and f i sh  s i z e  did not differ  significantly led 
u s  to o u r  e a r l i e r  conclusion that var ia t ion in 
the number of men f ishing did not contr ibute  to 
var ia t ion  in average  f i sh  s ize .  

Figure 12.--Ratio of the  number of s c h o o l s  s u c c e s s f u l l y  f i s h e d  t o  the  number of 
s c h o o l s  s i g h t e d  (lower f i g u r e ) ,  by 20-minute areas of l o n g i t u d e  and l a t i t u d e  i n  Hawaiian waters ,  
June-August 1967. 

(upper f i g u r e )  
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A plot of f i sh  s i z e  by a r e a  of ca t ch  showed 
that l a r g e r  f i sh  w e r e  usually caught f a r t h e r  
offshore.  Separat ing the f i sh  s i z e s  into two 
ca t egor i e s ,  we found f i sh  ave rag ing  s m a l l e r  
than 7 kg. concentrated in s i x  20-minute a r e a s  
n e a r  Niihau and Kauai,  i n  eight a r e a s  around 
Oahu, and in  only two i so la ted ,  offshore 20- 
minute a r e a s  south of Kauai and Oahu (fig. 11). 
Most  of the  a r e a s  with f i sh  ave rag ing  l a r g e r  
than 7 kg. w e r e  far offshore.  

Spatial  and t empora l  d i s t r ibu t ions  of sight-  
ings  and catches.--The v e s s e l s ,  concentrat ing 
the i r  f i sh ing  in  those a r e a s  where skipjack tuna 
showed the  g r e a t e s t  tendency to aggregate  in 
the  pas t ,  obtain a m a j o r  port ion of the skipjack 
tuna catch each  y e a r  f r o m  w a t e r s  to the south- 
wes t  of Oahu. Commonly ca l led  “shi taba” 
(which m e a n s  lower ground in  Japanese)  by the 
f i she rmen ,  th i s  l eeward  f i sh ing  ground off Oahu 
is c a l m  a lmos t  year-round and c lose  to the 
home  por t  of Oahu-based v e s s e l s  a s  well  a s  to  
P e a r l  Harbor ,  one of two m a j o r  bait ing grounds 
in  the Hawaiian Islands.  We a r b i t r a r i l y  divided 
the f i sh ing  grounds around Oahu into four  sec- 
t o r s  and found that out of 971 sightings for 
which posi t ions w e r e  r e c o r d e d ,  nea r ly  half 
w e r e  in  w a t e r s  to the wes t  of Oahu, 34 pe rcen t  
to the  south ,  about 1 3  pe rcen t  to the e a s t ,  p a r -  
t i cu l a r ly  north of Molokai, and only 5 pe rcen t  
to the north (fig. 12). 

Sightings va r i ed  not only by geographic  loca- 
t ion,  but a l s o  by t i m e  of day. The  number of 
sightings i n  re la t ion  to t i m e  of day inc reased  
rapidly f rom daybreak to  a peak at midmorning 
(0801-0900), followed by a sl ight dip a t  1001- 
1100 and a second peak a t  1301-1400 (table 13 
and fig. 13). We believe that reduced scout ing 
intensity during m e a l t i m e s  may  have caused 
the  s l igh t  dip a t  midday. Data on mea l t ime  
aboa rd  the seven v e s s e l s  showed that on nea r ly  
half of the t r i p s ,  the c r e w m e m b e r s  a t e  lunch a t  
1001-1100. which coincided with the s lump  in  
s ight ings (table 14). Undoubtedly, insufficient 
l ight and s c a r c i t y  of b i r d s  a t  0501-0600 and at 
1801-1900 affected s ight ings ,  but the t i m e  taken 
for  b reak fas t  and dinner  a l so  may  have had 
s o m e  effect  on scouting intensity.  

Data collected du r ing  a r e s e a r c h  c r u i s e  of 
the C h a r l e s  E. Gilbert  in  Apri l  1953 showed 
s i m i l a r  va r i a t ions  in  s igh t ings ,  by t ime  of day 
(Royce and Otsu,  1955). Sightings,  r eco rded  
by f i s h e r m e n  maintaining a continuous watch, 
dipped a t  midday and peaked a t  0700-0800 and 
at  1400-1600. Royce and Otsu s ta ted  that t h e r e  

Table 13.--Number and percentage of schools 
sighted and of schools with catches,  tabulated 
by t i m e  of s ight ing and s tar t  of f i sh ing ,  fo r  
seven Hawaiian skipjack tuna vesse ls ,  June- 
August 1967 

T i m e  

0001-0100 
0101-0200 
0201-0300 
0301-0400 
0401-0500 
0501-0600 
0601-0700 
0701-0800 
0801-0900 
0901-1000 
1001-1100 
1101-1200 
1201-1300 
1301-1400 
1401-1500 
1501-1600 
1601-1700 
1701-1800 
1801-1900 
1901-2000 
2001-2100 
2101-2200 
2 201- 2 300 
2301-2400 

Schools 

Sighted I With catches 

Number Percent Number Percent 

- 
11 
60 
119 
144 
130 
1 1 2  
121 
122 
124 
91 
97 
72 
52 
16 

- 
0.9 
4.7 
9.4 

11.3 
10.2 
8.8 
9.5 
9.6 
9.8 
7.2 
7.6 
5.7 
4.1 
1.2 

- - 
1 0.2 
21 3.4 
36 5.8 
66 10.6 
67 10.8 
50 8.1 
60 9.7 
70 11.3 
56 9.0 
62 10.0 
46 7.4 
42 6.8 
26 4.2 
17 2.7 

- - - - 
Totals 1,271 - 620 - 

06w oeoo lobo 12w I& I& le00 
TIME OF SIGHTING OR FISHING 

Figure 13.--Frequencies of school s ight ings and 
schools with catches, by t i m e  of day f o r  seven 
Hawaiian skipjack tuna f i sh ing  vesse ls ,  June- 
August 1967. 
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is a genera l  belief among the Hawaiian skipjack 
tuna f i s h e r m e n  that m o r e  b i rd  f locks a r e  
s ighted e a r l y  in the morning and la te  in the 
afternoon. In cont ras t ,  another  r e s e a r c h  c r u i s e  
in  June 1953 encountered a peak in  s ight ings a t  
1100-1200 with a fa i r ly  l a r g e  number of b i rd  
f locks s ighted a t  a l l  hours  between 0700 and 
1700. The lack of consis tency among c r u i s e s  
a l s o  sugges ts  that the dips  and peaks  in  sight- 
ings r e s u l t  f r o m  changes in bird o r  f i sh  
behavior .  

The spat ia l  dis t r ibut ion of ca tches  was  s imi-  
l a r  to that of s ight ings (fig. 12). The percent -  
age of schools  with ca tches  re la t ive  to s ight ings 
var ied  widely among the individual 20-minute 
a r e a s  of longitude and la t i tude,  but the percent -  
a g e s  calculated f o r  l a r g e r  s e c t o r s - - e a s t ,  wes t ,  
nor th ,  and south of Oahu--varied l i t t le .  It 
should be mentioned that the o b s e r v e r s  did not 
r e c o r d  the posi t ions of s o m e  of the schools  
s ighted,  par t icu lar ly  those schools  they encoun- 
t e r e d  dur ing  the i r  f i r s t  week o r  two of seaduty .  
The r e a s o n s  they gave w e r e  that they were  
s e a s i c k ,  w e r e  too f a r  offshore,  o r  were  expe- 
r ienc ing  poor  weather  conditions which in te r -  

Time Breakfast Lunch 

f e r e d  with making a reasonably a c c u r a t e  es t i -  
m a t e  of the school 's  position. The record ing  of 
school posi t ions improved a s  the o b s e r v e r s  
became  accustomed to s e a  life and learned  to 
work closely with the captain and the f i shermen.  

In our  calculat ions,  we used only schools  
with posi t ions recorded;  therefore ,  the p e r -  
centages a r e  o v e r e s t i m a t e s  and a r e  of value 
only in compar ing  one s e c t o r  with another. 
Data  presented  in f igure  5 showed that  col lec-  
tively, the percentage  of schools  with ca tches  
re la t ive  to sightings was  only 47 percent ,  but 
by using only those schools  with posi t ions,  we 
calculated that 60 p e r c e n t  of the schools  s ighted 
yielded catches.  In s e c t o r s  to the south and 
e a s t  of Oahu, the v e s s e l s  caught f i sh  f r o m  62 
and 61 percent ,  respec t ive ly ,  of the "schools  
s ighted,  w h e r e a s  in s e c t o r s  to the west  and 
north,  they caught f i sh  f r o m  58 and 55 percent  
of the schools ,  respect ively.  Catch p e r  school  
da ta  f r o m  a l l  four  s e c t o r s  ranged f rom 0.8 
m e t r i c  ton in  the north to 1.2 m e t r i c  tons  p e r  
school  in  the west  with in te rmedia te  values  of 
1.0 m e t r i c  ton in the south and 1.1 m e t r i c  tons 
in the eas t .  

Dinner 



The  s u c c e s s  of f i sh ing  in  re la t ion  to the t ime  
of day followed a pa t t e rn  s i m i l a r  to that s een  
f o r  sightings r e l a t ive  to t i m e  of day (table 1 3  
and fig. 13). Following a r ap id  i n c r e a s e  i n  
f i sh ing  s u c c e s s  f r o m  daybreak to a peak at 
0901-1000 and a dip a t  1001-1100, t h e r e  w e r e  
two o the r  peaks--one a t  1201-1300 and another  
at  1401-1500. 

T h e r e  is also evidence that the v e s s e l s  caught 
a l a r g e  proport ion of the  day 's  ca tch ,  by weight, 
usually a f t e r  1200 (table 15). Dividing the  day 's  
total  catch aboa rd  each  v e s s e l  by schools  and 
by t i m e  of day ,  we found that usual ly  the ves -  
sels had only 11 pe rcen t  of the  day 's  ca t ch  
aboa rd  by 0900, had less than half--37 percent--  
of the day's ca t ch  aboa rd  by noon, then ave r -  
aged 31 pe rcen t  of the  day 's  catch in  both the 
th i rd  (1201-1500) and fourth (a f te r  1501) qua r -  
t e r s  of the f i sh ing  day. 

F i r s t  

Cloud cove r  and wave height.--Fishing ves-  
sels usually o p e r a t e  under  va r ious  weather  
conditions. Data  col lected a t  the  t i m e  of fish- 
ing  revealed tha t  the v e s s e l s  ope ra t ed  on days 
tha t  w e r e  cloudless ,  cloudy, o v e r c a s t ,  and 
ra iny ,  and in  s e a s  varying f r o m  c a l m  to v e r y  
rough. W e  w e r e ,  however ,  i n t e re s t ed  p r i m a r i -  
ly  in  l ea rn ing  whether  cloud cove r  o r  wave 
height had any effect  on the biting behavior of 
skipjack tuna. I m a m u r a  (1949) r epor t ed  that 
J apanese  skipjack tuna f i s h e r m e n  experienced 
be t te r  f i sh ing  on cloudy d a y s ,  but Yuen (1959) 
found that weather  had no significant effect on 
biting behavior of skipjack tuna found in Ha- 
waiian wa te r s .  

Second Third Fourth 

For  June-August 1967, we found that fo r  
nea r ly  50 pe rcen t  of the schools  chummed ,  
cloud cove r  a t  the t i m e  of f i sh ing  w a s  three-  
ten ths  o r  less (table 16). Dividing the  data  into 
ca t egor i e s  of schools  with and without ca t ches ,  
we t e s t ed  the  probabili ty of s u c c e s s  in  f i sh ing  
re la t ive  to cloud cove r  and found tha t  t he  
r a t io s - - success  to failure--did not v a r y  by 
m o r e  than chance ( X2= 10.60; d.f. = 9; p 7 0.25). 
We concluded that ve ry  cloudy, o v e r c a s t ,  o r  
ra iny days  probably affected f i sh ing  only by 
reducing the f i she rmen ' s  chances  of sighting 
schools.  

With catches 
- 

Without catches Total  

Percent 

A 3.3 
B 15.5 
C 17.0 
D 9.2 
E 7 . 1  
F 7 .2  
G 16.4 

A 1  1 10.8 
Cumulative 10.8 

Percent 

31.5 
15.3 
20.2 
24.9 
41.6 
40.9 
10.3 
26.4 
37.2 

Percent 

42.4 
35.4 
23.7 
35.2 
28.5 
33.3 
21.0 
31.4 
68.6 

Percent 

22.8 
33.8 
39.1 
30.7 
22.8 
18.6 
52.3 
31.4 
100.0 

Cloudless 
1/10 o r  less 
2/10 and 3/10 
4/10 
5/10 
6/10 
7/10 and 8/10 
9/10 and 9/10 plus 

Rain 
10/10 

23 
1 2 8  
146 

83 
63 
60 
42 
39 
23 
12 

3.7 
20.7 
23.6 
13.4 
10.2 
9.7 
6.8 
6.3 
3.7 
1.9 

31 
91 
89 
67 
49 
2 8  
35 
28 
1 7  

8 

7.0 
20.5 
20.1 
15.1 
11.1 
6.3 
7.9 
6.3 
3.8 
1.8 

54 
219 
235 
150 
112  
88 
7 7  
67 
40 
20 

5.1 
20.6 
2 2 . 1  
14.1 
10.5 
8.3 
7.3 
6.3 

1.9 
3.8 

20 



The  height of the waves a l so  had l i t t l e  effect  
on fishing. Our data  showed that most f i sh ing  
o c c u r r e d  in  w a t e r s  with modera t e  wave height;  
only nine schools  w e r e  chummed in  w a t e r s  
cons ide red  v e r y  rough (table 17).  Tes t ing  the 
r a t i o s  of the number  of schools  with ca t ches  to 
those without, r e l a t ive  to the height of the 
waves at the t i m e  of fishing, w e  found that they 
w e r e  reasonably constant ,  with the exception of 
those schoo l s  chummed in  v e r y  rough w a t e r s  
( X2= 0 .42;  d.f. = 2 ;  p > 0 . 7 5 ) .  

With catches 

P redominan t  b i r d s  and s i z e  of b i rd  flocks.-- 
While pursuing a school,  skipjack tuna f i she r -  
men re ly  heavily on the behavior ,  spec ie s ,  and 
number  of b i r d s  in  the f locks to give them in- 
fo rma t ion  about the  spec ie s ,  s i z e ,  and move- 
men t  of the fish.  For example,  J apanese  tuna 
f i s h e r m e n  know f r o m  the b i rds’  wild horizontal  
f l igh ts  that  a school is n e a r  the su r face ,  and 
f r o m  the  b i rds ’  slow flight,  high above the 
wa te r ,  that  the school is swimming deep (Ima- 
m u r a ,  1949) .  

Without catches Total  

In examining the relat ionships  of ca t ches  
with predominant  b i r d s  and with b i rd  flock s i z e  
a t  the t ime  of fishing, we found that p e t r e l s  and 
s h e a r w a t e r s  w e r e  m o s t  f requent ly  associated 
with skipjack tuna schools.  Of 1 , 2 3 5  f locks 
identified to predominant  spec ie s ,  p e t r e l s  and 
s h e a r w a t e r s  predominated in  9 6 3  f locks or  78 
pe rcen t ,  whereas  t e r n s  predominated i n  only 
2 3 5  f locks o r  1 9  percent .  Small  f locks  of 
boobies o r  f r iga t e  b i r d s  predominated inf re -  
quently. Using only da ta  f o r  schools  chummed 
(table 18), we found that the predominant  spe-  
c i e s  associated with the school a t  the t i m e  of 
f i sh ing  w a s  not a good indicator  of s u c c e s s  in  
f i sh ing  ( X2= 2 . 2 5 ;  d.f. = 3 ;  p > 0 . 5 0 ) .  

Rathe r  than predominant  spec ie s ,  the s i z e  of 
the  b i rd  flock associated with the  school ap- 
p e a r e d  to be a good indicator  of f i sh ing  success .  
B i rd  f locks accompanying f i sh-  schools  va r i ed  
i n  s i z e  f r o m  fewer  than 1 0  to s e v e r a l  hundred 
b i r d s ,  so to s implify est imat ion we used only 
t h r e e  categories:  1 0  or  f ewer ,  11 to 5 0 ,  and 
50  or m o r e  b i rds .  S ize  e s t i m a t e s  Qf 1 , 2 4 9  

With catches 

Table 17.--Number and percentage of 620 schools with catches and 442 schools without 
catches, f ished by seven Hawaiian skipjack tuna f i sh ing  vessels  and tabulated by 
the  height of the wave a t  the time of f i sh ing ,  June-August 1967 

Without catches Total  

Table 18.--Number and percentage of 613 schools with catches and 437 schools without 
catches,  f ished by seven Hawaiian skipjack tuna f i sh ing  vessels  and tabulated by 
types of predominant b i rds  i n  the  f lock associated with the  schools a t  the  t i m e  of 
f i sh ing ,  June-August 1967 

Number Percent Number Percent Number Percent 

Tern 120 19.6 78 17.8 198 18.8 
Petrel-shearwater 470 76.7 349 79.9 819 78.0 
Booby 1 7  2.8 7 1 . 6  24 2.3 
Bo’sun b i rd  2 0.3 3 0.7 5 0.5 

Other b i rds  3 0.4 3 0.3 
Frigate  b i rd  1 0.2 - - 1 0.1 

- - 



f locks showed 700 (56 percent )  consis ted of 50 
o r  m o r e  b i r d s ,  458 (37  percent )  had 11-50 
b i r d s ,  and 91 (7 p.ercent) had 10 o r  fewer  b i rds .  
Tabulat ing only those  schools  chummed,  by 
s i z e  of the f lock,  we tes ted  the r a t i o s  of the 
number of schools  with ca tches  to those with- 
out  and found them differ ing significantly 
( x2= 66.60; d.f. = 2; p < 0.01). Table  19 shows 
tha t  of 617 schools  with ca tches ,  mos t  had 50 
o r  m o r e  b i r d s  (68 percent ) ,  whereas  of 437 
schools  without c a t c h e s ,  m o s t  had only 11-50 
b i r d s  (47 percent ) .  Actually, of 607 schools  
assoc ia ted  with 50 o r  m o r e  b i r d s ,  7 out of 10 
schools  yielded ca tches .  

Catch Per Trip 
The amount of f i sh  caught p e r  school influ- 

e n c e s  the ca tch  p e r  t r i p ,  which has  been 
tabulated by weight of f i s h  in table  20. The  

With catches Without catches 

dis t r ibut ion of catch p e r  t r i p  was  skewed and 
in  244 t r i p s ,  of which 22 o r  9 percent  ended in 
z e r o  ca tches ,  mos t  had 0.1-1.0 m e t r i c  ton. 
Actually, slightly m o r e  than half (55 percent )  
of the ca tches  were  3.0 m e t r i c  tons o r  l e s s  p e r  
t r ip .  V e s s e l  F ,  the low producer  among the 
v e s s e l s ,  averaged 2.0 m e t r i c  tons p e r  t r i p ,  
w h e r e a s  vesse l  A ,  the  high producer ,  averaged  
twice as  much or  4.1 m e t r i c  tons  (table 3) .  
The grand mean  was 2.8 m e t r i c  tons or  about 
376 f i sh  p e r  t r ip .  

Strongly skewed toward s m a l l  ca tches ,  the 
dis t r ibut ion of ca tch  p e r  school in table  21 
shows that the v e s s e l  usually caught between 
0.1 and 0.5 m e t r i c  ton or  between 1 and 100 
f i sh .  Actually, ca tches  ranged f r o m  1 kg. to 
9.0 m e t r i c  tons or  f r o m  1 to 1,710 f i sh ,  and 
averaged  1.1 m e t r i c  tons or  148 f i sh ,  slightly 
higher  than the posi t ions of the  m o d e s  in the 

Total 

Table 19.--Number and percentage of 617 schools with catches and 437 schools without 
catches, f ished by seven Hawaiian skipjack tuna f i sh ing  vessels  and tabulated by 
s i z e  of b i r d  f locks associated with the schools a t  the time of f ishing,  June-August 
1967 

Size of catch T r i p s  Schools Catch per t r i p  Catch per school Schools per t r i p  

Number Number Percent Number Percent Number Percent 

10 or fewer 
11 to  50 
50 o r  more 

26 4.2 42 9.6 68 
172 27.9 207 47.4 379 
419 67.9 188 43.0 607 

6.4 
36.0 
57.6 

Metric ton Number Number Number Number Metric ton Number 

0 
0.1-1.0 
1.1-2.0 
2.1-3.0 
3.1-4.0 
4.1-5.0 
5.1-6.0 
6.1-7 .O 
7.1-8.0 
8.1-9.0 
9.1-10.0 
10.1-11.0 
11.1-12.0 
12.1-13.0 

22 
53 
41 
41 
26 
23 
12 
12 
6 
4 
1 
2 

1 
- 

- 
103 
113 
131 
71 
73 
36 
45 
18 
18 
6 
6 

3 
- 

- 
130.6 
256.3 
503.8 
512.2 
514.9 
847.2 
638.3 
659.0 
830.3 
865.0 

1,002.5 

1,015.0 
- 

- 
67.2 
93.0 
157.7 
187.6 
162.2 
282.4 
170.2 
219.7 
184.5 
144.2 
334.2 

338.3 
- 

- 
0.3 
0.6 
0.8 
1.3 
1.4 
1.9 
1.8 
2.5 
1.9 
1.6 
3.6 

4.1 
- 

L 

1.9 
2.8 
3.2 
2.7 
3.2 
3.0 
3 .8  
3.0 
4.5 
6.0 
3.0 

3.0 
- 
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dis t r ibu t ions  because of the long posi t ive ta i ls .  
Catch p e r  school ranged among the v e s s e l s  
f r o m  0.7 m e t r i c  ton p e r  school  f o r  v e s s e l  F to 
1.4 m e t r i c  tons p e r  school  f o r  v e s s e l s  B and C 
( table  3). 

Another component which influenced ca tch  
p e r  t r i p  was  the number of schools  with ca tches  
on a t r ip .  Table  3 shows that  v e s s e l s  A and G 
w e r e  m o s t  successfu l ,  catching f i sh  f rom an 
a v e r a g e  of 3.1 schools  p e r  t r i p ,  that v e s s e l  B 
w a s  l e a s t  successfu l ,  catching f r o m  an average  
of only 1.8 schools ,  and that on 231 t r i p s ,  the 
v e s s e l s  usually caught f i sh  f r o m  2.5 schools  
p e r  t r ip .  The dis t r ibut ion of t r i p s ,  tabulated by 
the number of schools  with and without ca tches ,  
was  skewed toward fewer  schools  p e r  t r i p ,  with 
the mode a t  two schools  and the range  f r o m  one 
to eight schools  with ca tches  p e r  t r i p  (table 4 
and fig. 5). 

The  relat ionship of catch p e r  t r i p  with catch 
p e r  school  and number of schools  f ished i s  
shown in table  20 and f igure  14. W e  found that 
usual ly  1.9 schools  yielded ca tches  averaging 
0.3 m e t r i c  ton p e r  school  on t r i p s  with ca tches  
of 0.1 to 1.0 m e t r i c  ton. The average  number 
of schools  f ished and the average  catch p e r  
school  tended to i n c r e a s e  progress ive ly  f o r  
l a r g e r  c a t e g o r i e s  of ca tch  p e r  t r i p  and reached  
3.0 schools  and 2.5 m e t r i c  tons  p e r  school ,  
respec t ive ly ,  f o r  those t r i p s  with ca tches  of 7.1 
to  8.0 m e t r i c  tons. At 8.1 to 9.0 m e t r i c  tons 

p e r  t r i p ,  the average  number of schools  in- 
c r e a s e d  fur ther  to 4.5 schools ,  but the average  
ca tch  p e r  school declined to 1.9 m e t r i c  tons. 
T h e r e  w e r e  few t r i p s  with ca tches  of 9.1 m e t r i c  
tons o r  m o r e ;  therefore ,  although we calculated 
a v e r a g e s  f o r  the number of schools  f ished and 
school  ca tches ,  they were  not considered rep-  
resenta t ive  and w e r e  excluded f rom the dis-  
cussion.  

SUPPORTING ACTIVITIES 

In addition to t i m e  spent  t ravel ing,  baiting, 
scouting, and f ishing,  the f i s h e r m e n  a lso  a r e  
engaged in unloading the ca tch ,  loading ice ,  and 
fabricat ing,  repa i r ing ,  and maintaining the i r  
g e a r  and vesse ls .  We col lected and analyzed 
da ta  on two of these  operations--unloading the 
ca tch  and loading ice. 

Upon r e t u r n  to Kewalo Bas in  with the day 's  
ca tch ,  the c r e w  unloads by hand if the ca tch  i s  
s m a l l  o r  i f  p a r t  of the ca tch  is consigned to the 
f resh- f i sh  marke t .  After the m a r k e t  f i sh  is 
unloaded, the c r e w  u s e s  a conveyor to unload 
the balance into t r u c k s  f o r  s a l e  to the cannery.  
At Kaneohe Bay,  however ,  the c r e w  unloads the 
e n t i r e  ca tch  by hand. In calculat ing the unload- 
ing t ime f o r  each  v e s s e l ,  we made  no dis t inc-  
tion in the method used in unloading the catch. 
The v e s s e l s  usually loaded i c e  a f te r  the bait- 
wel ls  w e r e  emptied of f ish.  

Table 21.--Size of catch, number of schools, and catch per school of seven 
Hawaiian skipjack tuna vessels ,  June-August 1967 

S i z e  of catch I Schools I Catch per school I Size of catch I Schools I Catch p e r  school 

Number Number Metric ton Metric ton Number Number 

0 449 - 0 449 - 
1-100 326 0.4 0.1-0.5 203 54.3 

101-200 146 1.2 133 145.6 0.6-1.0 
201-300 71 2.1 1.1-1.5 75 204.9 
301-400 35 2.5 1.6-2 .O 34 224-8 
401-500 20 2.8 2.1-2.5 32 243.1 
501-600 7 4.6 2.6-3.0 17 401.8 
601-700 7 2.3 3.1-3.5 14 393.5 
701-800 4 3.5 3.6-4.0 14 322.6 
801-900 1 1.5 4.1-4.5 5 342.4 
901-1,000 1 1.7 4.6-5.0 6 456.8 

1,001-1.100 2 2.1 5.1-5.5 2 451.5 
1,101-1,200 - - 5.6-6.0 3 506.0 
1,201-1,300 - - 6.1-6.5 2 530.5 
1,301-1,400 - - 6.6-7.0 1 535.0 
1,401-1,500 - - 7.1-7.5 - - 
1,501-1,600 1 2.9 7.6-8.0 1 651.0 
1,601-1,700 1 3.3 8.1-8.5 - - 
1,701-1,800 1 2.7 8.6-9 .O 1 740.0 
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CATCH PER TRIP (METRIC TONS ) 

Figure 14.--Relation between catch per t r i p  and 
average number of  schools f ished and average 
catch per school by seven Hawaiian skipjack tuna 
f i sh ing  vesse ls ,  June-August 1967. 

F r o m  da ta  on unloading ca tch  and loading 
i c e ,  we found that  the weight of f i s h  unloaded 
v a r i e d  among the  v e s s e l s  f r o m  an average  of 
2.4 to 4.1 m e t r i c  tons and col lect ively averaged  
3.4 m e t r i c  tons. In table  3, we noted that  ca tch  
p e r  t r i p  was  2.8 m e t r i c  tons ,  a f igure  some-  
what lower than the  average  of 3.4 m e t r i c  tons 
unloaded a t  the docks. The d iscrepancy  be- 
tween the ca tch  p e r  t r i p  and the average  ca tch  
unloaded o c c u r s  because  ca tch  p e r  t r i p  was  
based  on a s ingle  day 's  f ishing,  w h e r e a s  the 
unloaded ca tch  included, in  some  c a s e s ,  the 
c a t c h e s  of 2 or m o r e  days  of fishing. 

Usually about 9 men,  including c r e w m e m b e r s  
and s h o r e s i d e  h e l p e r s ,  unloaded the v e s s e l ,  with 
a range  of 7 to 13 men. Unloading usually re- 
qui red  about one-half hour;  the average  unload- 
ing t i m e  among the v e s s e l s  ranged f r o m  26.8 to 
33.0 minutes .  

The r a t e  of unloading depended la rge ly  on the 
s i z e  of the fish. V e s s e l s  which caught s m a l l  

f i s h  usually had low unloading r a t e s .  On the 
c o n t r a r y ,  v e s s e l  B, which had the highest un- 
loading r a t e  p e r  man-minute a t  16.8 kg., caught 
f i s h  which averaged  9.5 kg., the l a r g e s t  average  
among the v e s s e l s .  

In loading i ce ,  the v e s s e l s  averaged  f r o m  3.7 
to 11.4 minutes  with a grand mean  of 6.6 min- 
u tes ,  Since loading i c e  i s  a t  a fixed r a t e ,  the 
loading t ime var ied  d i rec t ly  with the quantity 
loaded. 

OPTIMUM VESSEL OPERATION 

T h e r e  a p p e a r s  to be a c e r t a i n  pa t te rn  to a 
successfu l  operat ion in the f i shery  f o r  skipjack 
tuna in Hawaiian waters .  Using ca tch ,  which is 
convert ible  into earn ings  a s  a m e a s u r e  of suc-  
c e s s ,  we found that  c e r t a i n  c h a r a c t e r i s t i c s  dif- 
f e r  between a high- and low-producing vesse l .  

T h e r e  were  s e v e r a l  a s p e c t s  of the  opera t ions  
of v e s s e l  F ,  a low producer ,  which cont ras ted  
sharp ly  with those of v e s s e l A ,  a high producer .  
Both w e r e  below average  in pursu i t  t i m e ,  but 
v e s s e l  A pursued  i t s  schools  a lmost  twice a s  
long a s  v e s s e l  F. V e s s e l  A chummed i t s  
schools  slightly longer  than average ;  v e s s e l  F 
only about half a s  long a s  the average  of a l l  
vesse ls .  In f ishing,  v e s s e l  A, which averaged  
s l ight ly  longer  than v e s s e l  F in  f ishing p e r  t r i p  
and p e r  school ,  had va lues  higher than the 
seven-vessel  a v e r a g e s  in  these  ca tegor ies .  In 
number  of men hooking p e r  school ,  v e s s e l  F 
had s i x  men,  which i s  not d i s s i m i l a r  f r o m  the 
seven-vessel  average ,  but v e s s e l  A usual ly  had 
seven  men fishing. 

Moreover ,  v e s s e l  A used unusually l a r g e  
amounts  of bai t  a t  s e a ,  averaging about 23 
buckets  p e r  t r i p ,  whereas  v e s s e l  F used only 
about 9 buckets ,  which i s  25 p e r c e n t  l e s s  than 
the average  f o r  the seven vesse ls .  A s i m i l a r  
difference between these  v e s s e l s  can  b e  seen 
in  the average  amount of bai t  used p e r  school. 
V e s s e l  A succeeded in f ishing 64 percent  of the 
schools  i t  s ighted,  whereas  v e s s e l  F succeeded 
i n  f ishing only 56 p e r c e n t  of its schools .  

More  t ime spent  pursuing and chumming the 
schools ,  m o r e  men avai lable  f o r  f ishing,  and 
m o r e  bait used p e r  school undoubtedly contr ib-  
uted to a l a r g e r  ca tch  p e r  school  f o r  v e s s e l  A .  
Averaging 1.3 m e t r i c  tons p e r  school ,  v e s s e l  A 
usual ly  caught near ly  twice a s  much p e r  school 
a s  v e s s e l  F ,  which averaged  only 0.7 m e t r i c  
ton. 

Data  on ca tch  p e r  bucket of bait used in f ish-  
ing, however,  c a s t  doubt that the operat ion of 
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v e s s e l  A was  m o s t  success fu l  among the v e s  
sels. V e s s e l  A ,  which ranked among the  lowest ,  
caught  only 179.3 kg. of skipjack p e r  bucket of 
ba i t  compared  with v e s s e l  F ,  which ranked 
above ave rage  with ca t ches  of 225.3 kg. p e r  
bucket ( table 3). 

A v e s s e l  with a high catch r a t e  p e r  bucket of 
ba i t  used m a y  b e  t e r m e d  efficient i n  its ba i t  
u s e ,  but i f  the bait  conse rved  d i e s  before  i t  can  
b e  used in  fishing, then i t  a p p e a r s  that  a v e s s e l  
with a lower catch r a t e  p e r  bucket of bait  is 
jus t  as  efficient i f  a high pe rcen tage  of i t s  ba i t  
r e s u l t s  in  production of fish.  F r o m  examina- 
tion of the  Aku Ca tch  Repor t s  a t  the Hawaii  
State Division of F i s h  and Game ,  we found tha t  
v e s s e l  A used 78 pe rcen t  of the ba i t  i t  caught,  
w h e r e a s  v e s s e l  F used only 59 percent .  The  
fact tha t  v e s s e l  A had the l a r g e s t  ba i t  capaci ty  
among the  seven  v e s s e l s  and v e s s e l  F the  
s m a l l e s t  a l so  accounts  f o r  the  rates a t  which 
both v e s s e l s  u sed  the i r  bait  i n  fishing. Evi- 
dently v e s s e l  F w a s  too economical  with bait  and 
the  r e s u l t  w a s  that it had s m a l l e r  ca t ches  and 
f ewer  s u c c e s s e s  in  f i sh ing  the  schools.  Over-  
a l l ,  the seven  v e s s e l s  used about 66 pe rcen t  of 
the  ba i t  they caught. 
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